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7xt>h'J;bS, l-*7*-fe-A^ 2—*-7*"te-/i4k 9— *-7*-fe~ 
l-tu-^ 2-b'b-;bg. 4-eb~;uS. 2-t7x-;WJi/ 
I, 3 - t*7i^M^ 4-k'7x-M;H, p-?-7x-;i/-4-^ 
p-^-7x-;b-3-'f^S, p-?-7x^u-2—f;H > m-? 
-7x-;b-4-^;l,i N m -^-7x^- 3 m-^-7x-/l/- 
2 —Obg. o - HJ ;US. m- h 'J p — h U p - t -7>;l/7 x 
p- (2-7^-;b7°Dt: , ;u) 7x^;H N 3 -y^;u- 2 —fyf-jv 
4 -^;u- l -^7^;uS. 4 -y^;u- l -7> h U 4* 
jl-jij 4" - 1 -7f;i/-p-^-7x^i/- 4 --f ;bg^£*p 

-IKS ( 1 ) fcfcl^T. A r ' tt, g$! *> L < ti&a&<&8lft£& 6-50© 
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2-7xt>h'J;^ 3 - 7xt>h U;i/S^ 4-7xt>h 
9-7xt>MJ;H, 1 — J- 7 *-fe-;i/g. 2 -t7 9 

7x^;M^l, 3-b'7x-M;H, 4 - fcT7x^;M';i/g N p-?-7i 
— 4 --f p-?-7x^- 3 -J p-^-7x^- 2 -4 

m-* — 7i- 4 — f m-i'-7x-;i/-3-^;l/I, m-? 
-7x-;i/-2-f;H, o-hUJUk m-MJ;ug^ p-h'J^S^ p-t 
-7 , f;i/7x-;H, p- ( 2 -7x-;i/7*n 7x-;H, 3 -t^Jl- 
2-i-y^)vm, 4 1 -i-7?)iM, 4 1 -7 > h 'J ;bg 
> 4' -yf;H^7xr.;N;H, 4" - t-7f Jb-p-^-7x^-4- 

in&O^^ ^ 1— *-7*;Hk Z—tt*)^ 9-7xt>h'J^ 
l-^-7^-b-;uS. 2-^7^-b-;uS, 9 — 7^-te^ug. 
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* 3-^-2-^,1^ 4-^-1-^^ 4-^,1,- 
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f U P 4 - f U v 1 > K U ■ 2 — f > K y 3 - 

-<>Ky;i/*, 4-^>Ky;bSs 5-^>Ky^s^ 6--<>h*y^s> 7- 

y;bS. 4 — f v-y > Ky;i/g. 5-' rv^vKy^. 6--c v-y>k'J^s 
N 2-7'j;u^ 3-7y;ua. 2-^> x /7 7^S 

. 3-^>:/7 7-^ 4-^> , /7 7-;^ 5-^> v /7 7-;H> 6- 
^>>/77-;H^ 7 — ;>777-;i/l, 1 ->f v^v^^^H, 3--f 

7^>y77^;l/S> 4--r7^>77 7-;L'S> 5 -<f V^>y77-^ 
6-^^'//77-Jli, 7-4 V^> % /79-^ *7 y;U«. 3-+7 

y;us. 4-+yy^s. 5-*yy;i^ 6-*yy;i^ 7-*yy;i^ 
8-*yyn^ i-Y74yj;H, 3-4 7*7 yn^ 4-Y747'J/i/ 
& 5— fy+yy^s, 6-4v*yy;i>«> 7-47*yy^s, 8-47 
*/y;i/S. 2-*y*-y-y^-;i^ 5-*y*-9-y-;i>au 6-*y*;y-y~ 
1 -7j;WN'7y;bS. 2 -*;u/*vy 3 -#;i^7*y ;uS. 4-* 
;wn*7 y 9 -*;^7y;^ i-7xtvx!)i?-;^ 2-7xt> 

X'J^H^ 3-7xt>X'J^U, 4-7xtvx'J^-;H> 6-7 
xt>^'J^-/H> 7-7xt>X'Jy-;H> 8-7xtVXV'7-;l/S> 

9 -7xt>xy-7-^ i o-7xt>x'J^H. i-7?y-7~;uS 
. 3-7^'Jy-;H> 4-7^'Jy^i, 9-T?'J 

1 , 7-7xt>XD'J>-2-Y;H, 1, 7-7xtVXD'J> 
-3-4;U£s 1, 7-7xt>XD'J>-4-fiH> 1, 7-7xt>Xa 

y>- 5— ' f>S, i, 7 -7xtvxa y >- 6 -4 l, 7-7xt> 
XD-y >- 8->f 1. 7-7xt>xn'j>-9-Y;i/^ 1, 7-7x 
t>XD 'J >- 1 0 -4^*% 1, 8-7xt>Xn'J>-2-'f^i> 1, 8 
-7xt>XD'J>-3-Y;U, 1, 8-7xt>XD'J>-4-YjH, 1 
, 8-7xt>XD'J>-5-Y;H> 1, 8-7xt>xa | JV-6-f;H 



8 



WO 2004/018587 



PCT/JP2003/010402 



- 1, I^tWD^-T-^ 8-7 1 t>W.r/- 9 -^ 
'* 1. 8-7, + ^a 9 >- I0 -^*«, ,. 9-7x + >xo»>- 

1. l-7,f /wg> . w » I( ,, 9 _ 7l + >XDlJ 
> <-f«t 1, 9-7,^.^-5-^, ,, j_ 7x+vx 
n9>-6~f*«, ,, l-7x + >XD9v-7-f*a, , 9 _ 7i + 

'• 1B -^>«»v-4-^*«, 1, IO-7xr^ D r/-s- 
^ 2 ' '-^"JV-I-^ 2 , 9 _ 7l + >XD1J> _ 

>-5~fA* 2. 9-7< + ^dU>-,-^ 2 , 9 _ 7lT . >x 
2, l-7.tv«»>-,.^ 2 , 9 _ 7i + 
77 D 'J7-1 0-^*2, 8-7,t> W 9>-l-^ 2 8- 

2. 8-7^^a.J>- 7 _^^ 2> 8 - 7l7 - >XD , JV _ 9 _^ 
», 2. • -7. + v*n!l>-io-.f**, 2, T-7.t« B!l> ., 
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2, T^.mDJv-s-^ 2, 7-7. + v« 
9>-6-M*. 2. I^ + vwy^-tHT* 2. ,. 7lt> 

v=*«, «-7««=J* 1-7x7*7-7^,* 2-7x7*7-7= 
71* 3-7Wf7^ 4-7x777-7^ 10-7W?T7 
-** I-7^W^ 2-7x7*17-7=,* 3-7x7*17-7 
=A* 4-7x7*17-7=,* 10-7x7**-7=,* 2-***-/, 
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-**W7V l ))b&* 3-77f^Sx 2-^JWbg N 3-^^^;uS, 
2 ->f;bt d— 1 ->C;ug N 2 f^fn-^- 3 2-^ 
;Uk°a-;u- 4 -f^S. 2 ^;ufa-;b- 5 — f 

3 - >f;i/fD-;i/-2 --Oi^S, 3 ^;m*a-;i/- 4 - 
3 -^;bfa-;b- 2 - t -7^;bfD-;i/- 4 -4 ;u 

3- ( 2 - 7x-;b7'D t\>b) fn-;b- 1 -4 
y k u 4 - y 1 — f > K U 2 3 — r > K l» 

4 - ^ 3 - -< > K U ;pS> 2-t-7*?-;H -4 >KU;uS. 4-t-7* 
->r > K 2 - t -7>;b 3 ->r > K U 4 - 1 -7*^;i> 3 - 

„ t-7*^;HS> n-'Of;^ n-^^i/;US> n- / \7°^;bS> n-^? 
tKa4->^f;H> l-bKa^i/xf;!/!, 

2- tKa4W77>;H, 1, 2-ytFD^yxf;H, 1, 3-v> 
kFD + Wy7*Dk>I, 2, 3-yth'n + i/-t-7*f;H^ 1, 2, 3 
- h y b Fn + v7'D $unt?)h^ \ nux-^jim, 2-?n 
djt.^;uS> 2-700^77^^8. 1, 2-v^DnxfjH s 1, 3-v 
^DD^77 4 ak , ;H s 2, 3-v^oD-t-7'f;H, 1, 2, 3 - h y ? 

□ d7dM, ynt^f/H, 1-7*0^^^;^ Z-T'atxf^i, 
2-7*a^^77*^;^ 1, 2-y7"D^xf;H, 1, 3-v7*a^^77 

□ 2, 3-v7*a^- t-7*^;uS, 1,2, 3 - h V 7d^7d £;u 

3- K^^g. l-3-Kx^;ug, 2 -3- b'-x^l/g. 2-3-hW 
77*^1^ 1, 2-y3-Fxf^i, 1, 3-v3-F^77°ab*;ixS N 2 
, 3-v3-K-t-7* ; ?7bg. 1, 2, 3-hy3-K7'ob*;bS. 757^ 

l-75yxf;l,i, 2-75/i^;bS> 2-75y^77'f-;^ 
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1, 2, 3-h'J7^yDt;H,y 7 ;^^ j- 
i/7yxf/Ui, 2-y7yxf;H, 2-y7/^V^;H N 1. 2-yy 
77lf; ^ J - 3-»7^V7-Df;H s 2 , 3-yy7;-t-7? 
1. 2, a-h-j^^n^I^hn^;^ 

> 1. 2 , 3-y^D-t-7f;H, 1, 2 

tt. x*;Hi. 7"d^ -r'v7at;H, n-7**;bS, s -7 

-fV7f;H, t-7^,Hg. n n -^*S/ji^ n - 

^)m, 1, 3-i?kFa*WV7"n^ 2, 3-vtKo + v-t- 
f^)m, 1. 2, 3-hiJkKD+J/7-D^ ?dd>^ i_*a 
2-?ddx^ 2-?na^v7«, 1, 2-i^oa 
■x^HS. 1, 3-y^na^v7Dt;H, 2 . 3-^DD- t -7?;H 

2-7-D^Vrf^i, 1, 2-^D€xf;H s ] 
, 3-y7 D ^v 7 o^ 2 , S-^Dt-t-^ 1,2,3 
-MJ7-Dt7Dk-;H, 3 _ K ^^ S> i- 3 -. Kl ^ S% 2-g-Kx 
2-3-^77^1, 1, 2-y 3 -Kxf;H, lf 3 -v3- 
Nvrn ^ 2 > 3-v 3 -K- t -7^S. 1. 2 , 3-hy 3 -K 
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T^y^V7>;b». 1, 2-v7^if^ 1, 3-y7^^V7*Df 
2, 3-v7S J- t-7^;l/g. 1, 2, 3-M>7^/7*nt:;bg. 
y7/yfiH> ]->7/i« 2-v7/if;H, l-*/~7J4V-f 
*)\&, 1, 2-y->7;if;H, 1, 3-vv7^V7'Dk>l, 2, 3 
-yy7 7-t-7'f;H, 1, 2, 3 - h U v7 77* □ tf;Ug N - h a ^ =f-;U 
g % - haxf^i, 2 -~ Faxf;H, 2 -- h a>f V^f^ 1, 

1, 3-^-ha-TV7°af;l/S. 2, 3-v^ba- 
t-7>;l^ 1,2, 3-MJ-hn7'ak>^W^. 

2-7x-;i/if;l/i, 1 -7x-;W 77'd 2-7x-;KV 
7*ntr;i/S. 7x->i/- t-7>;uS, a -^7^;M^ i-o-t7f 
jljc^-jum, 2 -a-^7^;bx^;bS> 1 - a-t7f ;WV7*d 2 
-a-t7fM 7 7° a # — f 7^;M l-j3-t7fjl/xf 

2 7^;i/xf-;bS> l 7^/1^ 7.7 a 2-&- 

•f~7=f-)\s4 77° □ f^S, 1 - fa U ;M ^^S. 2 - ( 1 - fa U x^;b 
p-^^-)l^<yV)lM^ m-yf;K>i?JI/I, o-^^^Vi^^^ p 
-^DD^>y^i, m-7DD^>v;;bl, o-^aa^>v;uS N p-7*a 
^>v;ug N m-7*a^e^>v;l/S N o -7*d=e^>v*;vS. p-3-K-?> 
i^bS. m-3- K^>S?;l/S. o-3-K^>^^S> p-kKa + y^Vi? 

m-t l'D4y^>y;H, o-k Fo + y'Oy/H, p-T^7^> 
v^S. m-T^yOv^S, o-7^y^>v^S. p-^hD^>v;US 
> m --hD^>y;H, o--ba^>v;l/S > p - ->7 v;ug. m- 
y77'<>y^ o-y7^>'7^ l-kKD + y-2-7x^M7 
7'a f;uS N 1-7DD-2- 7x-iW 7 7" a t°;bS^^#lf t>ft&„ 
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7l ^ ; ^ 2-*7*** l-T>M;;^ 2-T>h 

UJl*. 9-7>M;u* l-7xt>h.;;H, 2-7xt>MJ;H, 3 

~ ?lt:/MJ; ^ 4-7xt>h-J;H, 9-7xt>hiJ;^ 

4_t ' 7l " M ^ P^-7x^- 4 -^H, p-^-7.^-3 
-f** p-^7x^- 2 -^^ m^-7x^-4^;^ m 
~ ? ~ 7l ^~ 3 ^ ^ m^-7x^- 2 -^^ 0 . MJ; ^ 
m-bVm, p-bV>m, p-t-7-^7x^ p- ( 2 - 7i ^ 
7n W 7x^;H, 3-7-^-2-^7^1^ 4 -7 =F,U- I -^ 7 ^ 
4-7^-l- T>h y,m > 4 . - X ^ t . 7i;iM ^ 4 „_ 
t-7>;U-p-^- 7i ^_ 4 _^ ; ^ 2-t'uVjum, 3-fD-j;H 
, k7 ^3S. 2 - f y ^ 3 _ t . , ; 4 _ t . y 2 

-f>KU« % 3-^>KU;U*. 4-^>K.; ;bS> 5 -^>Fy,^ 6 

^ 4-^7^>K';^ 6-fV-f>K!J/l* 
7-fV-f>KU^|, 2-7-J^l, 3-7U;bS N 2-^>>/ 7 7^ 
3— ?>y*77^S. 4-^>7-77^;^ 5-^/^^,^ 

^>7*77^;!^ 4-^M>>/77r;H, 5-^7^>/77^H, 6 
-rv^>>/77^ 7-^77-7^11, 2-+yy^ 3 -+ 
4-*yy,i* % 5-+7U;^ 6-+yy;b» % 7-*7y;H| 
* 8-*/y,Hg % l-^7 + y.;;ug N 3 7*7 !> ,1^ 4 ->f y*7 y 

5-^7+yy;^ 6-^7+yy^ 7-Y7*yy,us x 
v+y,J; ^ 2-+74ify^ S> 5-*y*i?-y^a£ N 6-*7**y 

2-*,u^/y/H£ x 3-*;^yy;us, 4- 
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7xtVX!Jy-;H, 4-7xt>X'Jv-;H> 6-7xt>X'Jy-;bS 
„ 7-7xt>X'Jy-;H, 8-7xt>X'Jv-^ 9-7xt>X'Jy 
l o -7xtvx y i-7 7'J v-;uS> 2 -T ? »j s^n, 

& 3-T^Uv-;bS. 9-7^'Jy-;H> 1,7- 

7xt>XDiJ>-2-^;^ 1, 7-7xt>Xa'J>-3-'f;H. 1, 
7-7xt>xo'J>-4-^;H, 1, 7-7xt>xniJv-5-^;H> 
1, 7-7xt>XDiJ>-6-fiHv 1, 7-7xt>Xa'J>-8-^^ 
1, 7-7xt>XDiJ>-9-^/H, 1, 7-7xt>XD'J>-10 
->f;i^x 1. 8-7xt>XD'J>-2-^;H^ 1, 8-7xt>7D'J> 
1, 8-7xt>XD'JV-4-<;i/^ 1, 8-7xt>XD 
■J>-5--f;bS. 1, 8-7xt>Xo'J>-6-f;H, 1, 8-7xt> 
f^S. 1, 8-7xt>XDiJ>-9-^;H, 1, 8-7x 
t>XD'J>-l O-T/Hx 1, 9-7xt>xay>-2-'f;H^ 1, 9 
-7xt>XD'j>-3--f;H, l. 9-7xt>xa | J>-4-^;H, l 

, 9-7xf>XD.iJ>-5-^;H, 1, 9-7xt>XD>J>-6-f;H 
, 1, 9-7xt>Xay>-7-^;H> 1, 9-7xt>7n'J>-8-^ 
1, 9-7xf>XDiJ>-10-^;H, 1, 10-7xt>7D'J> 
-2-^/1^ 1, 10-7xf>XD'J>-3-^^ 1, I0-7xf> 
xa'Jv-4-^;^ 1, 1 0-7xt>Xa'J>-5-'f;Hs 2, 9-7 
xtVXD'jv-l-^H, 2, 9-7xt>XD'J>-3-^;Hs 2, 9 
-7xtVXa 'J >- 4 --f;bS> 2, 9-7xt>Xn'J>-5-f;^ 2 
, 9-7xt>Xo'J>-6-^;H, 2, 9-7xt>xn'J>-7-fibi 
, 2, 9-7xf>XD'J>-8-f^S> 2, 9-7xt 1 0- 
2, 8-7xt >XD >- 1 -A 2, 8-7xt>XP'J>- 

3 --OPS. 2, 8-7xtVXay>-4-f;^ 2, 8-7xt>7DiJ 
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> 5— f;p» N 2, 8-7xt>Xn'j>-6-^U, 2 , 8- 7 xt>x 
D,j> " 7 -^ 2 » 8-7xt>7D.J>- 9 -^H, 2 . 8-7xt 
^d-J>-10-^ 2, 7-7xt^D9>-l-^ 2 , 7- 
7xt>xny>- 3 -^H > 2, 7-7xf>xniJ>-4-^H % 2 . 
7-7xm D >j>-5-^ 2, 7-7**>*n!):/-6— f;l* % 
2. 7-7xt>XD.J>- 8 -^^ 2> 7 -7xt>Xny>-9-^ 
* 2, 7-7xf>XD-j>-iO-^bS N l-7xt^;H, 2- 7 x 
1-7^7^,1^ 2-7x;f7^;H, 3 -7x;f 
4-7x^7^;H, l-7x;^^|, 2 -7x;4 

•j/ns, 4-^+^/y ; m % 5 y/i*k 2-^77.]^ 

s 2-^^fD-;b-i-^ ; ^ 2-^^trD-;u-3-^;ua. 2-* 

3-^,^-^-2-^,1^ 3-y^en^-4 
-J>um, 8-y^/Hfn-^-5--f^ 2-t-^,bfD-,b- 4 -^ 

3-(2-7x^7Dt^) 
-f > K 'J 4 -^,1,- 1 - -f > K U 2 3 — f > K y ,HS 

% 4-^^,u-3-^>K';,^ 2-t-^,H-^> K y,uaS > 4-t- 
7^,H-^> K .;^ 2-t-y^3-^>KU,^ 4-t-7>,U 3 

— i-*7*n* 2-^7*,^ i-7>hu,^ 2-t>m; 

9-7>hU,b^ l-7xt>h.j;bi, 2-7**>hy,|* % 3- 
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-t'7i-M^ P — 7i~;b- 4 -4 p-?-7x-Jl/- 3 - 

J p-^-7x-;i/-2-^;H, m -?-7x^-4-^l/l> m- 

-h'J^S. p-h'J^S. p - 1 -7*^;U7i-;bS> p- (2-7x^;i/7 
at\>b) 7x-;H, 3-^^-2-^-7^;^ 4 <f ^- 1 -7^7f # 
4->f;i/-i-7>b , J;H^4' -^^;nf7i-;u-r;i/*> 4" -t 

t7v^iH^ 3-t:yv^;uS. 4 - -7-/1^ 2- 

4>KU;i/g. 3--T>KU;bS. 4-4 VK'J^i, 5-4 VKU;^ 6- 
4>KU;i/£, 7-4>K'J;bS. l -474 > FU^S. 3— fV4>KU;i> 
4-4 74>K'J;bS. 5 — T V^f >KU^S. 6-4 74 V KU;!^ 7 
-4 74>KU^S. 2-7D;H, 3-7U^8. 2-^>V77^;USx 3 

-<>y77^ 4-^>y77-;Hs 5-^>y*7 7-;bS, 
777-;uS. 7-^>777^& l -'fV^>V'77-;H> 3-4 7^ 
> v /77-;^ 4 -4 7^>7*77-;l^ 5-^7^>y7 7^^ 6~ 

f^'//75^ 7-47^77*77-^8. 2-+;'J;H. 3-+7 
u;b&. 4-47U;uS. 5-4yj;H, 6-+yu^a. 7-*/»J^S> 

8-*/'J;ug % 1-4 7+7^1^ 3-4 7*/v';bS> 4-47*/D;b 

a. 5-47 + yu;bS. 6-47+yj;i-S. 7 -4 7*y 'J 8-47 

1 -*;u/n'7U^S, 2 -tj;wn'7U 3-*;u/^/U;uS. 4-tj 
;Wn*7U;uS. l - 7xt>x'Jv^S, 2-7xt>X'J^;H^ 3-7 
xfVX'Jv^H, 4-7xf>X'Jv-;H, 6-7xt>X'Jy^;H, 
7-7xt>X';y-;H> 8-7xt>X'Jy^is 9-7xt>X'J^ 

l 0-7xt>x'Jy^H, i-7?'Jy-^ 2-7^Uv-;uS 
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> 3-7?VP^)\,m, 1, 7 -y 

*i-y*u>)y- 2 -J)m. 1, 7-7 i -7->xa-;>-3-<;^ 1, 7 

. 1, 7-7xt>XD'j>-9-^ 1§ 7 -7xt>7D'j>-10- 
-OHk 1. 8-7xt^n.j>-2-^^ lf 8-7xt^ Q .j>- 
3— f;u». 1. 8-7^>* D .;>- 4 -->f;t^ lf 8 _ 73t ^ >XDlJ 
>-5— f;u». 1. 8-7xt>7o-j>-6-^;H, 1, 8-7xt>x 
n«;>-7--<;^ 1, 8-7*t>xnr|>-9_^^ 1§ 8 _ 7it 
>^-J>-10-^ lf 9-7xf>xn-J>-2-^H N lf 9- 
7xt>XpiJ>- 3 -^H, J, 9-7**>xn!>>-4--f^ lt 
9-7xt^ Dlj> -5_ m 1, 9-7xt>XD»;>- 6 -^ 
1. 9-7xt>xny>-7-^;H s lf 9-7xt^DiJ>- 8 -^^ 
1, 9-7*t>XDi;>-io-^ i, 10-7xt>XD-J>- 

2->OHk 1. ]fl-7xt>XD.j>- 3 -^ 1 , i 0 -7xt>7 
n,J> ~ 4 "^ J » 10-7xt^n.;>- 5 -^ 2, 9-7x 
t^n«j>-]-^ 2> 9-7xf>XD.J>- 3 ->f;H, 2, 9- 
7*^ D .J>H-^ 2, 9-7xt>Xn-J>- 5 -^n' 2 . 
9-7xf^oy>- 6 - m 2t 9-7xf>XD.J>- 7 -^ 
2, 9-7xt^Dij>-8H;H, 2, 9-7xt^D«j>-iOH 
2, 8-7xt> X D.J>-i-^S % 2, 8-7xt>XD"J>-3 
-4)Vm, 2, 8-7xt>XDiJ>-i-^;^ 2> 8 _ 7lt ^ DlJ> 
2, 8-7xt>XD.j>- 6 ^;^ 2 , 8-7**>* D 
•;>-7-^;^ 2, 8-7xf>XDiJ>- 9 -^ 2 . 8-7xf> 
^'J>-10-^ 2, 7-7xt>xnij>- 1 -^^ 2> 7 _ 7 
*t.^Dij>- 3 -^ 2> 7 -7xt^o.J>-4W;H, 2, 7 
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-7xt>XD'JV-5-'f;^ 2, 7-7xtVXn'J>-6— 2 

> 7-7xtVXa'J>-8-f^I> 2, 7-7xt>Xa'J>-9-^;H 
. 2, 7-7xt VXaDV- 1 0--f;uS> l-7xty-;H, 2-7^ 

l-7x;f7v^ 2-7x;f7^;H> 3-7x7f7 
v-^S. 4-7x;f7y-;H, l-7x/W-;H> 2-7x7+t 

-7~;uS. 3-7 i y+-v-v-;i-S. 4-7x;w^ 2-**VVV 

)vm, s-xw/vjvm, 2-**-*i?TVVfr&, 5 

-t+fyTV'J^ 3-77if-;^ 2-^i-^S. 3-^^-;l-S. 
2 -^^;ut°a-;l/- 1 — r ;l/£x 2 -^^fa-^- 3 — f 2-^^ 
;bt°n-;l/-4 --T;bS. 2 ^;Uk°n-;U- 5 — f ^S. 

Z-*=f-)\,£a-)i,-2-4 3 f^t'o-;b- 4 - 
3-y^;vea-;b-5-^;^ 2 - t -7*-;l/fcTo-;i/- 4 
3- (2-7x^;i/7"Dt» fcfa— 1 -*f 2-* f7U- 1 — f 

> K u 4 - * l —4 y K D 2 - > 3 - 4 > K ;u«> 
4-/f;b-3-f>K l J^S> 2-t-7**;H -- rvFUJUU 4-t-7* 

y Y U ;u£> 2 - 1 -7>;b 3 -4 v K U ;uSs 4 - t -7*^;u 3 - 

4V"f*)V&^ t-7?)iM. n-'O+Mk. n-^*v;bX> n- 

2-tK D 4^;H, 2-k Ka + v^V7*^;US. 1, 2-vtKn + v 
x^S. 1, 3-vt h'a^v^77°at:-;u8. 2, 3-vfcKn + v-t- 
7>;uS, 1,2, 3-hUkKn^rv7°at^S, ^dp^?;H % 
Dif;H, 2-^nD^77'f;H, 1, 2-v?od 

x^;bg N 1, 3-y^nn-fV7'ab'jH^ 2, 3 -v^aa- t -7>;ug 
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. 1. 2, 3-h^DD7-Df;H, ^n^f;H N 1 -7d*x^ 
, 3-vyo^ V7 o tm 2 , J. 2 . 3 

7 5/^77^1, 1, 2-y'7Uxf;H, lp 3 - v7 5 y^ V 7d f 

2, 3-y 7 $/-t-7f;H s 1, 2, 3 - hV 7 5 / 7 a 
->7;>f;H, l-v77xf;H, 2-y77xf;H, 2 -v7yWy7 
• 1, 2 -vv7y^,l^ ^ 3-yy7;^77D^ 2 , 3 

1, 2 , 3-h'Jy777'Dt;H > - hD >^ 
l-^ha^9JUm, 2--hnx^ 2-^hn^V7^;U^ 1, 
2-ychnxf;^ J, 3-^ha^77'D^H > 2 , 3-^Fu- 
t-7^;ug, 1,2, 3- b , ^hp7Dt>^^ { ff,^^ o 

*>~3, 3' -*MJI4£, v7x^7D/N->- 4 , 4* -v-Y^S^W 
(1) fcfc^r, a, bXtfcli, *n-PtiO-4©»ftT?*0, o~ 

(tufgAr, Ar' XtfXtfSTOfcfctfsflfcjSj. LT|4% M D y >0?> t 
Kn*S/;ua5 v - hD ^ vTVS, 7/MrA* % 7'J-;H, y^7M;b 
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7;!^*v». £§£ft£9K£. 77M;H, T'J- 
. cn^J^-fk^t-IB^^nsfco-eti^^. Meii^f;H> Bute 
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*»B©±E-*st (2) T*sn*7>h^>imttt, ±e-«sc (i 
-f®& ( 2 ) icfei^r. a P &mm l < immmmm® jo-sooi 

(2) fcfc^r. At' tt«*U<««lH»©tt|ft«»6-5 0©» 
-ft* (2) tefc^T. x»i. iiR<(W©^ it6 . 5()(J[)fs 

g&*> l < {i*n®wR7ft 5~5o nmmmmm, mmL<u 
matooHMk i~5o o7)i±>i^ mmb< mrnvm® i ~ 5 0 © 

< i^WK 5 ~ 5 0 cor -,n- +s ,* L < immmm 
*® 5 - 5 0 (07 v -»**m, mmt< immomm 1 ~ 5 0 ©t;^ 

^ft*>. Ar.Ar" &0Xtfi*-t4MQM#m^ WEHtt* ( 1 ) (ET« 

kKa*^ -Fnl, T/b*fl^ 7U-;^ v^7 

7;^+yi v mmfiHI^ 7 7M;H, 7!)-^*^ ■ 



-«3t (2) fcfcvvf, aMbfi, **HP*lO-4©l»Tf*0 % 0 ~ 1 T* 
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( 1) (AN1)~(AN4K (AN7)~(AN1 

4). (AN 1 7) ~ (AN 2 4K (AN 2 7 ) ~ (AN 3 6 K (AN 3 9 
) ~ (AN 4 .3) RZf (AN 4 6) ~ (AN 4 8) tfmfbti&t\ *tlh<D®\ 

tit, *&w<D~m. (2) x-mnzTyhUzywmmt, wiEL*? 
^mco^mELmi-im^^-m^. (i) *>l<& (2) ©rv^-tvE 
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«j 7' U > /RJSli. Cl T'(3|g(^ < (Chem. Rev. , Vol. 95, No. 7, 

2457 (1995) m ififtZftXts*)* Zhbiz&mvKfc&ftxmiMir&Z.ttfX' 

3 0 Ot©«ffl"e*S^ ^(^$?^L<li3 0- 2 0 OtT?&*. 

*;l/A x E3Jft<btt^ 1, 2-y?DDxr A 1,1, l-MJ*oax*> 
4^ayva, 7-fe r - h 'J ;K h U ;u^©- h U fit&x<f 

N, N-v>^;U7-fe h7^ h\ N-^^ti'ay K>f©7 5 KS^^*#— 

, 2 ~v^ h + yxrA v**1f>> TK-e^^o Sfl£©&fflSte7 U -frftu 
yffiL\t*o>n%m\z.tt LT. MS 3 ~ 5 0 fi*fg> »* L < tt 4 - 2 0 fi*{£ 

Rj&KJB^&t&Sfc u-m. GUtf. ftK* h y 7 a n y 7 a. #iMb 
h y 7 ATKi^b* y 7 a n h y 7 a. y 7A, 

#v7A, . ^S?y^7A. ^^><b*y7A N 7>y{b-bv7A, S{btv")A, 
^<b-bi/7A N »y-)i, 'J >»# 'J 7A, p< h4vt h y 7A N t -7> 

*i/*y7A. t-yh+v^ h y 7A. t-7*r**y*-«7i^#*tf ^n. 

Xl±*©S§i*#teML-t\ «ttO. 7~ 1 0^;^*> $?£L<&0. 9 ~ 6 * 
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7) rn;t>] ^ y7 7k ^ dd[ ex (3?7x^*X7^y) 7^>] =. 
LT,a«0. 0 0 1-lt^*,»*L<(10. 0 1-0. It^i^ 



. «47 > h 7 -fe U ft* 0 . 8-10 * * L < tt ! _ 5 * 

eattMtft*, ?dd^>^ ^ db ^>^ -ho*>*> 
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OiljgTS,^. RJfcfiRfcU SS0°C~2 0 OtT'II^^ $?£L<te2 0 
TC — -1.2 ot-e&&o 

**IMtRf&WU g2»/7& (0*<b^«-H»ft¥»a5»4)K2 4 #6 1 
~9 0M^J.0rg.Chea,Vol.60,7508 (1995) H) fc«fc Vnifct&Z. fctfnJffiT? 

-+^->, ^7? * o $ >. v ^u^^ry^(ofmmt7mm, 1.2- 

x?7i,x~r;K h;ux>-e&£ 0 ^(Di^mmlt, Any WbT> h 7-te>§§ 
*#(^ 3-50 Mfg. L < 4 ~ 2 0 lifgt^ 

x^'Jf7A^ ^^;i/U^7AI|WT;u+;b#^^. 'J ^7^v-T 77'o b° 
;ur^ h\ D^7Atfx h >J >^;UvU;ur^ KH©7 ^ KiMS£ffl^<i>;i<!:# 

y Wbr > h 7 -fe >|gi§& tii7^y7^ ^jsk £ o tisa-f £ ^ £ #t g 

>§§IS#{;:*iU JI# 1 ~ 1 0 =t;i^M> $? * L < (i 1 ~ 2 ^;l/^*T*ifc 0 . * 
71? h UT^+^teffl*^ /NayWb7>h-7-b>SI##:^^L v jl1t 1~ 
1 0 ; e;^M> L < ti l ~ 5 *>uM5*i?**. ®CMti^ SIS- 10 0- 

3 2 
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5 01C. &£L<ti-7 5-1 OtT'&Zo 

*mwv%ME hm^it. mimmtK ( o xi± ( 2 > 
x^y^rwb^itUTii, Tia-85t (A) ***** 

o 




(A) 



*«R?Xtt*«[i(« 6 - 2 0 0* 0 , Ar^Ar, RVAn «4 
r 4 ©'J>fc < t b-l5&XT 'J ;i/ST?ag|$ *ITV*. ) 

7 9-;UT5 Wb^flteLTtdU T!E-$5t (B) **£*& *>©##£ U> 




(B) 
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Ofrk A r . -A r 7 WU Sft* L < tt^«ft©««*» 5 ~ 4 0 ©7 U 

yf*7xi;H, t*t^77'J^ v7x-;i/7>h7^;H> -f > K U 

;l/S> i-yafiH, n-7'Dfil/i, s-7>;I/S> t-7>n^.^>^ 

7^4->i (xh4vi, n+v^ i -7*djK*S/^ n--/n#4-$/S 
, s-7*b*i>g. t-7h4->Ss ^>h+i/*> ^ + v/^^ + vS. *>?o 
^vh + vS. ->im^*$/;M-*->asS) s ^ft5-4 0©7'J-;^ 
&H : f&5~4 0O7'J-;H-ei8!$n/c7^7i, tel^St 5 ~ 4 O^T'J 

TVS. -hnS> Any>I?Wlf^n^ 0 

( i ) M/^g/i^e 

( 2 ) H@/lEft&AJf /ISftJi/liJi 

( 3 ) mm/^m/m^±xm/mm 

( 4 ) mm/JE.mixm/^^m/n^<±xm/mm 

( 5 ) i©e/#ia¥$ftJi/fS7tJi/&£ 

( 6 ) mm/mmmm/ni-mm/mm/mm 
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( 8 ) mm/iEjmxm/iEmmm/^m/m^±xm/mm 

( 9 ) mm/tmm/mm/mm/mi 

do) mm/Mk*mfcM/mm/mM/imm/mm 

(in mm/^mmm/mmm/mytm/mmm/mm 

(i2) mm/mm/iEn^xm/mMmm/mytm/mm/m® 

d3) mm/mmm/i£n^xm/iE7mmm/mytm/m^txm/mm 

EL^^^-r-SS^T^O. 'tom^tmz^Xi^ 4 0 0-7 0 Onm© 
-)Att#7X, lfi#7X, 7/1/5 7 >y ^#7*. ^^itff^X. ^<I7 

±B(DmmtLr^ ftmm%«D±£^ (4 e vm±) ^ * 
mmmt^Rnztiib(Dm^mmm^mt t% bom* l < m^t>nz 

o -^>cfc-9^«»g©a : ^J < hLT{i. Auft^&il, Cul,' ITOU 
>y-)Af>t*vF) , Sn0 2 , ZnO, I n - Z n-O&^OT&Mf} 
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1 Onm-1 urn, £F£L<(il 0 - 2 0 0 nm£>®BTSliR£ft&o 

LTWu tt*H»0/|NS^ (4 e VBIT) m%im 

/L i 2 0, Al/Li0 2 . Al/LiF, 7^-^ A • 

0- 2 0 0 nmtfe^' 
#fgBE<Z)#filE Little is i>Tti;, £©<fc o (c Lrftmztifc—ttnWfcwp 

(K<b»*#t?) ii^s tit. mMtovtiM&WkKuryib&mmjtit&M 

±fB*^ny^^ LT(i. S i Ox (1 dX£2) , A 1 Ox (1 

5). Si ON, Si A 1 ON&£#$?£L< WfctW ^o^Wti 
Jg£ LTlix M%-t£L i F, MgF 2 , CaF 2 , 7 vftft±m&Mtt£W&t 
L<mfbti> tlsXlt, M*-liC St 0, Li 2 0, MgO, Sr 
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0, BaO. CaO<t^iK*tf&n4. 

ntzmm^, mmumttzimm^m^m^m^mmt^ nMf&antzm 
(Dztx«&<o, mzottmmmi*, LBmiz^*)m^ntzmm (ft^mm 
m) timmmm, mm&nmm** *nizm?&mm&}temmiz&t)m# 

ttzfttow* 7-5178 m<mizm7!iztir\,^&?iz^ mmmcDmmi 
tttftib&ht&mtizmfrLxmLt uz^ ztiz* t->3- v&m\z «t *j 
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/cmvnnmmiz^ 1 (T'cm 2 /v • u> 

> 5 nm~ 5 wmf^?>o 

2i-r&ST?*o-?\ c^s^aAs© 

o ±13 8 - H K a + v * y y > £ fc it* (D&mWto&mt&tiWMfcffl t U X W\ 

(-jKic8-*/u y-;i/Xt*8-t KD+i/*/y» 
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> KfcU^A. ^b-trv^A, ^b-trv^^s Mibv^i/^A. ^b^?^ 

v^a. ifbA^y^A, ${bft;i/v^A N SfbT^-^A, MlbTfy, W. 

mz, ^mmo^mLm^^mt^mz^x^ m^if±BmmR 
xfismz^'omm, mm, miz^cximixm, R^mizmuxm^n 

&rr, mtmm±^ mm/iE^xm/mm/n^txs/mmmft. 
mizntzmj&^mELm^vft^mz^xmwi-z,, 

til 0-2 0 OnmcoKH^jKc/i^.fco^. |^fe&<S^&X/^ ? V >7 

mzzm&u mmt-tz. kk, z<Dmm±iziEiL&xmmvz<, jetls . 

XM(D]&mt:W&LtzJ:ilzng.MM&, Xl^>3-h^4t^^ LB 

*mz*Qmiu&M*miSi't*)*£. *ommitm-t*4k£m germ 
. -mzmm^&b o~4 5 ot. o- 7 ~i o- 3 t or r. mmrnrn 

0. 0 1-50 nm/#. 5 0-3 0 Ot. g|J¥ 5 nm~ 5 /im©« 
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& zbtmt U\, g^afcfc «fc 9§S#Ji&7&£-*-*l§^ *©Ha&#ti& 
^bURtSit^t*. KJPtil 0-4 Onm©«Hi**U\ 

ja±©w«EL ^ottsui. -0©*^3i#^ -nbxMmfrbtmt'e 

1 ( 10- (2-i- 7 T > h 7 -fe >-9- tfo >i©M) 
Ar#amT. 20U<y F^©77X3|i, 2-7" 7 * U >>*a Vg549g (msvftEfc 
*hlSl) . 9-7*o*T> h7-fe>684g (jg*{b$*±10 > xb7*X (h'J7x- 
;I/*X7<>) A7v7A (0) 61. 5g (J»DSCflS(Ktt») . h^V 4.9U -y b 
;l/ OK^mmm) JkTffcMi- h U 7A845.9g (jEMlTtftSD *7K 4. 9 'J -y h 
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Technological field 

The present invention concerns organic electroluminescent devices and anthracene 
derivatives, and more specifically concerns organic electroluminescent devices having a high 
luminescence efficiency and long life, as well as anthracene derivatives making such devices 
possible. 

Background technology 

The organic electroluminescent devices (hereafter, electroluminescence is abbreviated 
EL) are self-illuminating devices utilizing the principle of emission of light from phosphors by 
recombination energy between positive holes injected by a positive electrode and electrons 
injected by a negative electrode upon the application of an electric field. Since the report of C.W. 
Tang et al.: Low-voltage organic EL devices by laminated devices (C.W. Tang, S.A. Vanslyke: 
Applied Physics Letters, vol 51, 913, 1987) of the Eastman Kodak Co., many studies have been 
carried out concerning organic EL devices using organic substances as constituting materials. 
Tang et al. used tris(8-hydroxyquinolylaluminum) in the luminescence layer and a 
triphenyldiamine derivative in the positive-hole transport layer. Advantages of a laminated 
structure include an enhanced injection efficiency of the positive holes into the luminescence 
layer, enhanced efficiency of the formation of excitons formed by recombination, blocking the 
electrons injected from the negative electrode, capture of excitons formed in the luminescence 
layer, etc. As shown in this example, a two-layer type of positive hole transport (injection) layer 
and electron transport luminescence layer, three-layer type of positive hole transport (injection) 
layer, luminescence layer, and electron transport (injection) layer, etc., are well known for the 
device structure of organic EL devices. In such laminate-type-structure devices, the device 
structure and formation processes have been studied for enhancing the recombination efficiency 
of the injected positive holes and electrons. 

Also, chelate complexes such as tris(8-quinolinolato)aluminum complex, etc., coumarin 
derivatives, tetraphenylbutadiene derivatives, bisstyrylarylene derivatives, oxadiazole derivatives, 
etc., have been known as luminescent materials. It has been reported that visible light ranging 
from blue to red can be obtained from them, and the realization of color display devices is 
expected (e.g., Japanese Kokai Patent No. HEI 8[1996]-239655, HEI 7[1995]-138561, HEI 
3[1991]-200289, etc.). 

Also, devices using phenylanthracene derivatives as luminescent materials have been 
disclosed in Japanese Kokai Patent No. HEI 8[1996]-012600. Such anthracene derivatives are 
used as blue [-light] emitting materials, while a longer device service life is desirable. 
Furthermore, device materials having fluoranthene groups at the 9 and 10 positions of anthracene 
were disclosed in Japanese Kokai Patent No. 2001-257074. These anthracene derivatives are 
also blue emitting materials, yet an improved device service life is necessary. Use of various 
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materials was disc,osed - j « **- 

Patent No. 2000-182776. However, their syntheses have not been carried out in practice and 
their evaluation as luminescent materials is incomplete. 
Disclosure of the invention 

It is an objective of the present invention , 0 overcome such b|cms 

ton* ff AS 3 rKUl lf r ""^ StUdy fM aCUeVing ^ ° bjec,i ^ we h ™ "^vered that 
« organto EL devices with a htgh tominescence efficiency can be obtained by using 
a^racene compounds having a certain asymmetiic structure shown by genera, formula (,) or 
(2) as iumtnescenee materials of organic EL devices. Ttots, the present invention „ . Ji j, 

Namely, the present invention provides organic electioluminescence devices having a, 
km one lummescencedayer-containing organic thin fihn layer sandwiched between a pjtive 
d«*ode and negative electrode, wherein a, leas, one ,ayer of the organic thin ffltn lay. con Is 
fte anthracene denvattve Resented by genera, f omula ( „ „ r (2) shown below> J. £T 
component in a mixture: d 




(to the fomtula, Ar is an (un)substitn,ed condensed aromatic group of 1 0-50 nuclear carbon 
atoms; Ar is an (un)substitu,ed aromatic gmup of 6-50 nuclear carbon atoms; X is an 
^substituted aromatic group of 6-50 nuclear carbon atoms, ^substituted agnatic 
heterocychc group of 5-50 nuclear carbon atoms, (unjsubstituted alkyl gmup of 1-50 carbon 
atoms, <un>sub ; titu,ed alKoxy group of ,-50 carbon atoms, (unJsubstLrf Lkyl gLufof 6-50 

ary thto gntup of 5-50 nuCear carbon atoms, („„, S ubstitu,ed alkoxycarbony, group oH -fo 
carbon atoms cartoxy group, halogen atom, cyano gmup, nitr0 ^ oup> or hydr 
and c are whole numbers of 0-4; and „ is a whole number of 1-3; when n is 2 or Z I 
fomtula mstde the parenthesis shown below may be the same or different: 
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Furthermore, the present invention provides anthracene derivatives represented by 
general formula (2) shown below: 




(2) 



(In the formula, Ar is an (un)substituted condensed aromatic group of 10-50 nuclear carbon 
atoms; Ar' is an (un)substituted aromatic group of 6-50 nuclear carbon atoms; X is an 
(un)substituted aromatic group of 6-50 nuclear carbon atoms, (un)substituted aromatic 
heterocyclic group of 5-50 nuclear carbon atoms, (un)substituted alkyl group of 1-50 carbon 
atoms, (un)substituted alkoxy group of 1-50 carbon atoms, (un)substituted aralkyl group of 6-50 
carbon atoms, (un)substituted aryloxy group of 5-50 nuclear carbon atoms, (un)substituted 
arylthio group of 5-50 nuclear carbon atoms, (un)substituted alkoxycarbonyl group of 1-50 
carbon atoms, carboxy group, halogen atom, cyano group, nitro group, or hydroxy group; a, b, 
and c are whole numbers of 0-4; and n is a whole number of 1-3; when n is 2 or more, the 
formula inside the parenthesis shown below may be the same or different: 




Best embodiments for practicing the invention 
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The present invention provides organic electroluminescence devices having least one 
hnntnesconce- layer-contauting organic thin fiht layer sandwiched behveen thepoLv ThTde 
-d, tegative electrode, wherein a, leus, one layer of the organic thin fita layer Lj. t 

nuclear^rr" 30 ^^"^^^ 

The condensed aromatic group may be, e.g., a 1-naphthyl group, 2-naphthyI group 1 

phenamhry! group, 4-phenanthry, group, 9-phenandnyl group, l-naphthaceny. group 2 . 

3-meutyM-naphthyl group, 4-methy,- 1 -„aphthy, group, 4-memyl-l-anthry, groupie 

given betaw "" d ~ d aroma ' iC ^ P ° f ^ ^ bC SdKted *» «» formulas 







(At, is an (un)substituted aromatic group of 6-50 nuclear carbon atoms ) 

Ar, may be, e.g., a phenyl group, 1-naphthyl group, 2-„aphthyl group, 1-anthrvl nroun 2 

ZZ~? 8roUP ', 9 - phenan,hlyl «"* '-Phmaconyl group, 2-naphthacenv, Zp 9- 
naphu*ceny, group ,-p^ ^ 2 „ ^ * 

h.heny ly gro 4. 01phenv|y , ^ HeIphen ^ y] P ^ *»ft 

^ enyI-2-y! group, m-terphenyM-y, group, m-,erpheny,-3-y, LeZy£ y! 
o-«olyl group m,olyl group, p-,oly, group, p-.-buty.pheny, group, p-(2-phe„y,propy nJlT 
group 3 W-naphm,, group, 4- ra eti,y,...„aph„ y , group, ^JJJ? 
methvlbtphenylyl group, ^-..buryl^eroheoyl^yl gronp, etc "^t™**" 

atoms SuchT 1 ^ " " " ~ *°up of 6-50 nnclear carbon 

atoms Such ar, aromatic group may be a phenyl group, 1-naphthyl g^p, 2-naphthyl group 1- 
anthryl group, 2-anthry, group, 9-anmry, ^ ,.„„ P ^ JJ* 

pfcnanthry, group, 4-phenanthry, ^ 9 . phmm ^ 

naphfcaceny. group, 9-naphthacenyl group, ,-pyreny, group, 2-pyre„y, group, 4 p^en yl „ oup 
2-btphenyly, group, 3-bihenyly, group, 4-biphe„ y , y , yo up, P^pb^^p^. 
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3- yl group, p-terphenyl-2-yl group, m-terphenyl-4-yl group, m-terphenyl-3-yl group, m- 
terphenyl-2-yl group, o-tolyl group, m-tolyl group, p-tolyl group, p-t-butylphenyl group, p-(2- 
phenylpropyl)phenyl group, 3-methyl-2-naphthyl group, 4-methyl-l-naphthyl group, 4-methyl-l- 
anthryl group, 4'-methylbiphenylyl group, 4"-t-butyl-p-terphenyl-4-yl group, etc. 

Of these, especially preferred are (un)substituted aromatic groups of 10 or more nuclear 
carbon atoms, such as a 1-naphthyl group, 2-naphthyl group, 9-phenanthryl group, 1- 
naphthacenyl group, 2-naphthacenyl group, 9-naphthacenyl group, 1-pyrenyl group, 2-pyrenyl 
group, 4-pyrenyl group, 2-biphenylyl group, 3-biphnylyl group, 4-biphenylyl group, o-tolyl 
group, m-tolyl group, p-tolyl group, p-t-butylphenyl group, etc. 

In general formula (1), X is an (un)substituted aromatic group of 6-50 nuclear carbon 
atoms, (un)substituted aromatic heterocyclic group of 5-50 nuclear carbon atoms, (un)substituted 
alkyl group of 1-50 carbon atoms, (un)substituted alkoxy group of 1-50 carbon atoms, 
(un)substituted aralkyl group of 6-50 carbon atoms, (un)substituted aryloxy group of 5-50 
nuclear carbon atoms, (un)substituted arylthio group of 5-50 nuclear carbon atoms, 
(un)substituted alkoxycarbonyl group of 1-50 carbon atoms, carboxy group, halogen atom, cyano 
group, nitro group, or hydroxy group. 

Examples of the (un)substituted aromatic groups in X are the phenyl group, 1-naphthyl 
group, 2-naphthyl group, 1-anthryl group, 2-anthryl group, 9-anthryl group, 1-phenanthryl group, 
2-phenathryl group, 3-phenanthryl group, 4-phenanthryl group, 9-phenanthryl group, 1- 
naphthacenyl group, 2-naphthacenyl group, 9-naphthacenyl group, 1-pyrenyl group, 2-pyrenyl 
group, 4-pyrenyl group, 2-biphenylyl group, 3-bihenylyl group, 4-biphenylyl group, p-terphenyl- 

4- yl group, p-terphenyl-3-yl group, p-terphenyl-2-yl group, m-terphenyl-4-yl group, m- 
terphenyl-3-yl group, m-terphenyl-2-yl group, o-tolyl group, m-tolyl group, p-tolyl group, p-t- 
butylphenyl group, p-(2-phenylpropyl)phenyl group, 3-methyl-2-naphthyl group, 4-methyl-l- 
naphthyl group, 4-methyl- 1-anthryl group, 4'-methylbiphenylyl group, 4"-t-butyl-p-terphenyl-4- 
yl group, etc. 

Examples of the (un)substituted aromatic heterocyclic groups in X are the 1-pyrrolyl 
group, 2-pyrrolyl group, 3-pyrrolyl group, pyrazinyl group, 2-pyridinyl group, 3-pyridinyl group, 
4-pyridinyl group, 1-indolyl group, 2-indolyl group, 3-indolyl group, 4-indolyl group, 5-indolyl 
group, 6-indolyl group, 7-indolyl group, 1-isoindolyl group, 2-isoindolyl group, 3-isoindolyl 
group, 4-isoindolyl group, 5-isoindolyl group, 6-isoindolyl group, 7-isoindolyl group, 2-furyl 
group, 3-furyl group, 2-benzofuranyl group, 3-benzofuranyl group, 4-benzofuranyl group, 5- 
benzofuranyl group, 6-benzofuranyl group, 7-benzofuranyl group, 1-isobenzofiiranyl group, 3- 
isobenzofuranyl group, 4-isobenzofuranyl group, 5-isobenzofuranyl group, 6-isobenzofuranyl 
group, 7-isobenzofuranyl group, quinolyl group, 3-quinolyl group, 4-quinolyl group, 5-quinolyl 
group, 6-quinolyl group, 7-quinolyl group, 8-quinolyl group, 1 -isoquinolyl group, 3-isoquinolyl 
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o s ° up ' ^ 6 - isoquinolyl 7 -~'y' »- 

»N group, a^oxa.iny, group, S^utaoxaliuy, group, 6-quiooxaJiny, group 
carbazo yl group, 2-carbazoly, group, 3-carbazolyl group, 4^0*, ' . 
group, ! ptaanrhridiny, group, M*— group, 3-phean Jdufyl v 0 „p7 

group, 9-phenantodu.y. group, 10 -phe„a„,hridi„ yl , , y 

3-acndroy, group, 4-acridiny, group, 9-acridi„yl ffoup> lj7 . phenanthr X-2^ group" 
pheuamhro bn-3-yl group, 1,7-phenauto.iu^, group, X.T+^Jg* \ . 
Phen^un-c-y, group, ^phenanrb^l group, W-pheuanrhrobu^l ^up' 7- 

phenanttaota^i group, l.S-phenautooHn-S-y! group, LS-phenanteoMn-M g^up 8 
^-"-y'sroup, ..S-phcna^.ta-P-yl group, ..S-pheuan^.u.-.^up, i 9- 
phouantohn-M group, ..^phe^MM-y. group, LP-phenanthro^y, ^ U p 9 
Phenanftro ,„-5-y. group, ..O-pheuanttro,^, ^up, ..P-phenantooUn-T-y, glp ,'9. 
phenante, ,„.8- yI group, ^-phenaurhroIiu-.O-y, group, UO-phenamhroldyTgL, , I0 

"1"'! "* W °*---*^' 1 , 1 0-phenanthrolin-5-yl ^ 9 
pbeuamta, ru-l-yl group, ^.phenanthro^-y, group, ^-phenanthroH^-y. 2 V 
P enanto ,„- -y, group, ^-pheuanrbro^-yl group, ^-phenaorhroHn-T-y, glp 9. 
phenanrhro rn-8-yl group, 2,9- P „e Mnthro ,iu-,0-yl group, 2,8.pbe„a„ to „H„i y , group g. 
Pheuanftro ur-3-y, group, ^-pbeuanrhrob^-y, g^p, y.pbenarahro^-y: ^ 8 
phenauthro .n-c-y, group, ^phonantolur-T-yi group, ^-phenanrhroHu-S-yl glup 2 - 
P enanftro hn-.O-y! group, V-phenantbrobn-Uy, group, 2,7-^,^, group 2 7. 
Pheuanftro ,„-4- yl group, V-pheuantoolm-S-y. group, 2,7-phenanUuo.ta-M ^ 2 7 
phenanftroto-8-y, group, V-pheuautooHn-M group, V-pbenanthroHn-Jy, group ',. 
pheuazruy. group, 2-pheuaziny, group, Npheuofti^, ffoup> 2 . pte , othja2jnyI ^ 3. 

fpCr " ^ fT 0 ^' ™ «»W group, .-pheuoxLny, r0 up, 

2-ph„y. group, 3-phenoxazury, group, 4-pheuoxaziny. ^oup, ,0-phenoxaziuyI *' % 
oxazo.y group, 4-oxazo.y, group, 5-oxazoIy, group, J-oxadiaao*, ffoup 5-oxadi J.yH 
rurazanyl group, 2.«hie„ yI ^up, 3-dueny, group, J-medryhryrrol-l-y, g^p, 2- meUl y^,. 3 . 

methylpyrrol-2-y] group, S-methylpynoM-yi group, 3- m ethylpyrrole-5-yl group 2-t 

rolvn °'Tf ^^"Wto"*-'")! group, 2-neUryM-indoIyi ff „up, 4- 
mefcyM-urdoly. group, ^erhyM-iudoly! group, 4-me t hyl-3-i„d„lyl group, 2-,-bL-lindolv. 
group, 4 r-buryM-urdory, group, 2- W-indo.y, g r0U p, ^ylZ^ grou^ero " 

Examples of.be (unjaubatituted alkyl group in X are the meftyl group, ethyl group 
propyl group, ls0 propy, group, n-buty, group, s-bury, ^up, isoburyl group, ,-bu.yl glp „. 
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pentyl group, n-hexyl group n-heptyl group, n-octyl group, hydroxymethyl group, 1- 
hydroxyethyl group, 2-hydroxyethyl group, 2-hydroxyisobutyl group, 1,2-dihydroxyethyl group, 
1,3-dihydroxyisopropyl group, 2,3-dihydroxy-t-butyl group, 1,2,3-trihydroxypropyl group, 
chloromethyl group, 1-chloroethyl group, 2-chloroethyl group, 2-chloroisobutyl group, 1,2- 
dichloroethyl group, 1,3-dichloroisopropyl group, 2,3-dichloro-t-butyl group, 1,2,3- 
trichloropropyl group, bromomethyl group, 1-bromoethyl group, 2-bromoethyl group, 2- 
bromoisobutyl group, 1,2-dibromoethyl group, 1,3-dibromoisopropyl group, 23,-dibromo-t-butyl 
group, 1,2,3-tribromopropyl group, iodomethyl group, 1-iodoethyl group, 2-iodoethyl group, 2- 
iodoisobutyl group, 1,2-diiodoethyl group, 1,3-diiodoisopropyl group, 2,3-diiodo-t-butyl group, 
1,2,3-triiodopropyl group, aminomethyl group, 1-aminoethyl group, 2-aminoethyi group, 2- 
aminoisobutyl group, 1,2-diaminoethyl group, 1,3-diaminoisopropyl group, 2,3-diamino-t-butyl 
group, 1,2,3-triaminopropyl group, cyanomethyl group, 1-cyanoethyl group, 2-cyanoethyl group, 
2-cyanoisobutyl group, 1,2-dicyanoethyl group, 1,3-dicyanoisopropyl group, 2,3-dicyano-t-butyl 
group, 1,2,3-tricyanopropyl group, nitromethyl group, 1-nitroethyl group, 2-nitroethyl group, 2- 
nitroisobutyl group, 1 ,2-dinitroethyl group, 1,3-dinitroisopropyl group, 2,3-dinitro-t-butyl group, 
1,2,3-trinitropropyl group, cyclopropyl group, cyclobutyl group, cyclopentyl group, cyclohexyl 
group, 4-methylcyclohexyl group, 1-adamantyl group, 2-adamantyl group, 1-norbornyl group, 2- 
norbornyl group, etc. 

The (un)substituted alkoxy group is a group represented by -OY, and examples of Y are 
the methyl group, ethyl group, propyl group, isopropyl group, n-butyl group, s-butyl group, 
isobutyl group, t-butyl group, n-pentyl group, n-hexyl group n-heptyl group, n-octyl group, 
hydroxymethyl group, 1 -hydroxyethyl group, 2-hydroxyethyl group, 2-hydroxyisobutyl group, 

1.2- dihydroxyethyl group, 1,3-dihydroxyisopropyl group, 2,3-dihydroxy-t-butyl group, 1,2,3- 
trihydroxypropyl group, chloromethyl group, 1-chloroethyl group, 2-chloroethyl group, 2- 
chloroisobutyl group, 1,2-dichloroethyl group, 1,3-dichloroisopropyl group, 2,3-dichloro-t-butyl 
group, 1,2,3-trichloropropyl group, bromomethyl group, 1-bromoethyl group, 2-bromoethyl 
group, 2-bromoisobutyl group, 1,2-dibromoethyl group, 1,3-dibromoisopropyl group, 2,3- 
dibromo-t-butyl group, 1,2,3-tribromopropyl group, iodomethyl group, 1-iodoethyl group, 2- 
iodoethyl group, 2-iodoisobutyl group, 1,2-diiodoethyl group, 1,3-diiodoisopropyl group, 2,3- 
diiodo-t-butyl group, 1,2,3-triiodopropyl group, aminomethyl group, 1-aminoethyl group, 2- 
aminoethyl group, 2-aminoisobutyl group, 1,2-diaminoethyl group, 1,3-diaminoisopropyl group, 

2.3- diamino-t-butyl group, 1,2,3-triaminopropyl group, cyanomethyl group, 1-cyanoethyl group, 
2-cyanoethyl group, 2-cyanoisobutyl group, 1,2-dicyanoethyl group, 1,3-dicyanoisopropyl group, 
2,3-dicyano-t-butyl group, 1,2,3-tricyanopropyl group, nitromethyl group, 1-nitroethyl group, 2- 
nitroethyl group, 2-nitroisobutyl group, 1,2-dinitroethyl group, 1,3-dinitroisopropyl group, 2,3- 
dinitro-t-butyl group, 1,2,3-trinitropropyl group, etc. 
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2 „h J7T ? ( ™ )SUbS,,,U,ed -*»• « *• benzyl ^up, ,-phenyie.hyl ^„p, 
2-ph« group, ,-phe„y,isoprop yl group, 2-phenylisopropy. ^ phenyl . t . butyl "* 
«-naphthylmethyI group, 1-o-naphthylethyl group, 2-a-naphthylethyl group !-<,. 
naphthyhsopropyl group, 2-u-naphthylisopropyl group, Maphthylmethyl group 1-6- 
naphthylethyl group, 2-p-naphthylelhyl group, 1 .p-naphthylisopropyl group 2-0- 
naphthyhsopropyl group, l-py™ lyImethyl ^ 2 . (1 . pyrroIyl)ethy , ^ p . meth 
group, m-methylbonzy. group, 0 . melhylben2yl ^ p. bromobenzy| ^ ra . bromob , 
group, „J,rom„ben* y . group, p-iodober^ group, nt-iodobenzyl group, o-iodobenzyl group p. 
hydroxybenzyl group, nt-hydroxybenzyl group, o-hydroxybet^l group, p-aminobeuzyl group 
m-amtnobettzyl group, „-ami„obenzyl group, p-„itrobenzyl group, ra .„ itroben2yl „. * 
tutroberotyl group, p^yanobenzyl group, m-cyanobenzyl group, o-cyanobenzyl gn>up 1- 
hydroxy-2-phenylisopropyl group, l-chloro- 2 -phenyIisopn>pyl group, eto 

The ^substituted aryloxy group is represented by -or, and examples of V are the 
Phenyl group, 1-naphthyl group, 2 . napbtbyl ^ ^ 2 ^ 

group, 1-phenanttuyl group, 2-phenathnd groU p, 3-phenanthryl group, 4-phenanthryl group 9- 
phenanftryl group, ,. naphthacenyl ^ 2 . naph(hacenyI ^ 9 .„ aph * 

pyreny! group, 2-pyrenyl group, 4-pyrenyl group, 2-biphenyly, group, 3 . bihenyly| ' „. 
biphenylyl group, p-terphenyM-yl ^p, p-terohenyl-S-yl group, p.tephenyl-2-yl group, m- 
tetphenyM-yl group, m-terphenyM-yl group, m-terphenyl-2-yl group, o-,olyl group, m-t„lyl 
group p-tolyl group, p-t-butylphenyl group, p-(2-phe„ylpr„pyl)phenyl group, 3-methyl-2- 
naphthy group, 4-ntethyl-l-naphthyl group, 4-methyM.anthryl group, 4-- m ethylbiphenylyl 
group, 4 -t-buW-p.^enyM-y. group, Lpy^y, group, 2 . pyTrolyl 3 ^ 
pyrazmyl group, 2-pyridiny. group, 3-pyridtayl group, 4-pyridiny. group, 1-indoly. group 2 
mdolyl group, 3-indoIyl group, 4-indolyl group, 5-tadolyl group, 6-indolyl group, 7-indolyl 
group l-,s„i„dolyl group, 3-isoi„dolyl group, 4-isoindolyl group, 5-isoindolyI group 6- 
tsotndolyl group, 7-isoind„lyl group, 2-fitryl group, 3-furyl group, 2-benzofaanyl group 3- 
bereoftranyl group, 4-benzofuranyl group, 5-bercofuranyl group, 6-benzofurany! group 7- 
benzofurany. group, Nisobenzofirrany. group, 3-iaobenzoftonyl group, 4-isobenzofurany. group 
5-tsobenzofuranyl pr.up, 6-isobe^ofuranyl group, 7-isobenzofiuanyl r oup, quino.yl group 2- 
qutnoly group, 3-quino.yl group, 4^uinolyl group, 5-quinolyl group, 6-qutaolyl group 7 - 
qutnolyl group, 8-quinolyl group, 1-isoquino.y. group, 3-iaoqutao.yl ^up, 4-iaoquuroly. group 
5-,so,u,„olyl group, 6-isoquinoly. group, 7-isoquinolyl group, 8-isoquinolyl group 2- 
qutnoxalmyl group, 5-quinoxalinyl group, 6-,ui„oxalinyl group, l-cartazolyl group 2- 
carbazolyl group, 3-carbazolyl group, 4-oarbazolyl group, 1-phenanthridinyl eoap \. 
phenanfadinyl group, 3-pheanthridiny! group, 4-phenanttuidi„yl group, 6-phenandmdinyl 
group, 7-phenanthridtnyl group, 8-phenanthridinyl group, 9-phenanMdinyl group 10- 
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phenanthridinyl group, 1-acridinyl group, 2-acridinyl group, 3-acridinyl group, 4-acridinyl group, 
6-acridinyl group, 1 ,7-phenanthrolin-2-yl group, l,7-phenanthrolin-3-yl group, 1,7- 
phenanthrolin-4-yl group, 1 ,7-phenanthrolin-5-yl group, l,7-phenanthrolin-6-yl group, 1,7- 
phenanthrolin-8-yl group, 1 ,7-phenanthrolin-9-yl group, l,7-phenanthrolin-10-yl group, 1,8- 
phenanthrolin-2-yl group, 1 ,8-phenanthrolin-3-yl group, l,8-phenanthrolin-4-yl group, 1,8- 
phenanthrolin-5-yl group, l,8-phenanthrolin-6-yl group, l,8-phenanthrolin-7-yl group, 1,8- 
phenanthrolin-9-yl group, l,8-phenanthrolin-10-yl group, l,9-phenanthrolin-2-yl group, 1,9- 
phenanthrolin-3-yl group, 1 ,9-phenanthrolin-4-yl group, l,9-phenanthrolin-5-yl group, 
l,9-phenanthrolin-6-yl group, l,9-phenanthrolin-7-yl group, l,9-phenanthrolin-8-yl group, 

1.9- phenanthrolin-10-yl group, l,10-phenanthrolin-2-yl group, l,10-phenanthrolin-3-yl group, 

1.10- phenanthrolin-4-yl group, l,10-phenanthrolin-5-yl group, 2,9-phenanthrolin-l-yl group, 
2,9-phenanthrolin-3-yl group, 2,9-phenanthrolin-4-yl group, 

2,9-phenanthrolin-5-yl group, 2,9-phenanthrolin-6-yl group, 2,9-phenanthrolin-7-yl group, 2,9- 
phenanthrolin-8-yl group, 2,9-phenanthrolin-10-yl group, 2,8-phenanthrolin-l-yl group, 2,8- 
phenanthrolin-3-yl group, 2,8-phenanthrolin-4-yl group, 2,8-phenanthrolin-5-yl group, 2,8- 
phenanthrolin-6-yl group, 2,8-phenanthrolin-7-yl group, 2,8-phenanthrolin-9-yl group, 2,8- 
phenanthrolin-10-yl group, 2,7-phenanthrolin-l-yl group, 2,7-phenanthrolin-3-yl group, 2,7- 
phenanthrolin-4-yl group, 2,7-phenanthrolin-5-yl group, 

2,7-phenanthrolin-6-yl group, 2,7-phenanthrolin-8-yl group, 2,7-phenanthrolin-9-yl group, 
2,7-phenanthrolin-10-yl group, 1-phenazinyl group, 2-phenazinyl group, 1-phenothiazinyl group, 

2- phenothiazinyl group, 3-phenothiazinyl group, 4-phenothiazinyl group, 10-phenothiazinyl 
group, 1-phenoxazinyl group, 2-phenoxazinyl group, 3-phenoxazinyl group, 4-phenoxazinyl 
group, 10-phenoxazinyl group, 2-oxazolyl group, 4-oxazolyl group, 5-oxazolyl group, 2- 
oxadiazolyl group, 5-oxadiazolyl, 3-furazanyl group, 2-thienyl group, 3-thienyl group, 2- 
methylpyrrol-l-yl group, 2-methylpyrrol-3-yl group, 2-methylpyrrol-4-yl group, 2-methylpyrrol- 
5-yl group, 3-methylpyrrol-l-yl group, 3-methylpyrrol-2-yl group, 3-methylpyrrol-4-yl group, 3- 
methylpyrrol-5-yl group, 2-t-butylpyrrol-4-yl group, 3-(2-phenylpropyl)pyrrole-l-yl group, 2- 
methyl-l-indolyl group, 4-methyl-l-indolyl group, 2-methyl-3-indolyl group, 4-methyl-3-indolyl 
group, 2-t-butyl-l-indolyl group, 4-t-butyl-l-indolyl group, 2-t-butyl-3-indolyl group, 4-t-butyl- 

3- indolyl group, etc. 

The (un)substituted arylthio group is represented by-SY", and examples of Y" are the 
phenyl group, 1-naphthyl group, 2-naphthyl group, 1-anthryl group, 2-anthryl group, 9-anthryl 
group, 1-phenanthryl group, 2-phenathryl group, 3-phenanthryl group, 4-phenanthryl group, 9- 
phenanthryl group, 1-naphthacenyl group, 2-naphthacenyl group, 9-naphthacenyl group, 1- 
pyrenyl group, 2-pyrenyl group, 4-pyrenyl group, 2-biphenylyl group, 3-bihenylyl group, 4- 
biphenylyl group, p-terphenyl-4-yl group, p-terphenyl-3-yl group, p-terphenyl-2-yl group, m- 
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.erphenyl-4-y. group, m-tephenylO-yl group, m-terpheny!-^! group, „. tolyl m m . to|yl 
group p-Wy, group, p-,. butyl phe„ y , gr 0up , p-(2-phe„ ylpr „ pyl)pheny| , 

naphflry group, 4.meU,yM.naph<hy. group, 4-nChyM.anftry. group, 4--me0ry.biphony.yl 
group, 4 -t-bu,y..p-,erphe„ yM . yl ^ ^ 3 " 

pyn ury. group, 3-pyridiny, group, 4 -pyridiny, groop, 2 ,„ dolyl ^ 3.^^ ^ 
mdoly. group 5-tadoly. group, 6-tado.y, group, 7-inddyl group, ,. isoilldolyl m 3^ 
group, 4*»m group, 5 - isoind „ lyl group> 6 , soindolyl ^ ^./^ 2 J" y ' 
group, group, 2-benzofcnuryI group, 3-benzofunmyl g roup , 4-benzoftany, groupT 
benzofuranyl group, 6-benzoftanyl group, 7-benzotao,, group, .-isobenzofuranyl group 3- 

*™P> 4-isobenzofiuany, group, 5-isobenzofurany, group, o-iaobe^olly, 
group, ^-^benzofuranyi ^ quinolyl m J 

= , « group, h „ inolyl m ^ s . quino , yl J^2Z 

group, 3-r^qu.nolyl group, 4-isoouhrolyl group, 5-isouuinolyl ^up, 6-isoquinolyl grcup 7. 
■soqumolyl group, 8-isoqutaolyl group, 2- q uinoxalinyl group, 5- q uiu„xali„ y l group 6- 

T '•" CarbaZOlyl 8I0UP ' «""* 3 " C ■*■»* *»* ^-o,y, 

group, l-phenanthndmyl group, 2-phenanarridmyl group, 3-phean.hridinyl group 4- 

Ph^diny. group, ^henanttridinyl g^p, 7-phenanfluidiny. group, 8-phen'an.hridiny, 

fZlT^f 0 ^ I0 - phenan,hrid ^ *™P. '-i"^' group, 2-acridinyl gLp, 
3-acndmy! group, 4-acnd,„yl group, 9-aeridiny! group, IJ-phenanthrohn^-yl group 17 

phenamhnrhnO-yl group, IJ-phenanthrohn^yl spoup, l,7-phenanthrolm-5-yi group I 7- 

phenamhroiin-o-yl group, 1,7-phenan.hroli^-yl group, l,7-phenan t hrolin-9-yl group' 1 V 

otZ,r r"?, 5 " ™ '• 8 - p — •»* M-phe— n-3-y. group, Is- 
phenandrrobn-4-yl group, M-phenanthrolin-o-y, gr 0U p, i.g.phenanthrolin-o.yl group 8- 
ph«an.ta,un.7.y. group, ..g-pheaarrtoolin-O-yl group, l,8.phe„anuuolin-,0-yl group i 9- 
phenamhrohn^.y. group, l^-phenantholin-S-yl group, .^phenanttoolin^y! * , 9 . 
phenamhroHn-5-yl group, l,9-phenan«hroli„.6. yl group, l,9. p henantt,n>un.7-yl group 1 9- 
phenanduo in-8-yl group, ^-phenanrhrolin-KM g^up, UO-phenrrnftroita-J-y. * ' , 10 . 
phenauduo hn-3-yl group, UO-phenanthroinM-y! group, UO-phenantolin-S-y. gLp 2*9- 
phenamhrohn-i-yl group, ^-phenanrhrohW-y, group, ^-phenamhroHn^yl group 2 9-' 
phenanthrolin-5-y! ^ y-phenanttoolin-o-yl ^ 2>9 . phenanthr ' ' 

phenanthrolin-8-yl group, ^-phe^mhrolin-.O-yl group, ^S-phe^nrhro.in-Ly, group 2 8- 
phenanthrolinO-y! group, ^.phettudhroiin^y. group, 2,8-phe„an«hroli„-5-yl group 2 8- 
phenan.hro.ta-6-yi group, 2,8-phenan.hronn.7-y, group, 2,8-phe„an,hro.in-9-yl group' 28- 
Phenan.hro.in.10.yl group, ^-phenanthrolin-Nyl group, V-phenantolin-S-y, group 2 7- 
phenanrhro in-4-y, group, 2,7.phenan ( hrolin-5-yl group, 2,7-phenand,roli„-6.yl group 2 7- 
phenanthrolm-8-yl group, V-phenanthrohM-y! group, 2,7-phenand.rolin-iO.yl group \- 
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phenazinyl group, 2-phenazinyl group, 1-phenothiazinyl group, 2-phenothiazinyl group, 3- 
phenothiazinyl group, 4-phenothiazinyl group, 1-phenoxazinyl group, 2-phenoxazinyl group, 3- 
phenoxazinyl group, 4-phenoxazinyl group, 2-oxazolyl group, 4-oxazolyl group, 5-oxazolyl 
group, 2-oxadiazolyl group, 5-oxadiazolyl, 3-furazanyl group, 2-thienyl group, 3-thienyl group, 
2-methylpyrrol-l-yl group, 2-methylpyrrol-3-yl group, 2-methylpyrrol-4-yl group, 2- 
methylpyrrol-5-yl group, 3-methylpyrrol-l-yl group, 3-methylpyrrol-2-yl group, 3-methylpyrrol- 
4-yl group, 3-methylpyrrol-5-yl group, 2-t-butylpyrrol-4-yl group, 3-(2-phenylpropyl)pyrrole-l- 
yl group, 2-methyl-l-indolyl group, 4-methyl-l-indolyl group, 2-methyl-3-indolyl group, 4- 
methyl-3-indolyl group, 2-t-butyl-l-indolyl group, 4-t-butyl-l-indolyl group, 2-t-butyl-3-indolyl 
group, 4-t-butyl-3-indolyl group, etc. 

The (un)substituted alkoxycarbonyl group is represented by -COOZ, and examples of Z 
are the methyl group, ethyl group, propyl group, isopropyl group, n-butyl group, s-butyl group, 
isobutyl group, t-butyl group, n-pentyl group, n-hexyl group n-heptyl group, n-octyl group, 
hydroxymethyl group, 1-hydroxyethyl group, 2-hydroxyethyl group, 2-hydroxyisobutyl group, 

1.2- dihydroxyethyl group, 1,3-dihydroxyisopropyl group, 2,3-dihydroxy-t-butyl group, 1,2,3- 
trihydroxypropyl group, chloromethyl group, 1-chloroethyl group, 2-chloroethyl group, 2- 
chloroisobutyl group, 1,2-dichloroethyl group, 1,3-dichloroisopropyl group, 2,3-dichloro-t-butyl 
group, 1,2,3-trichloropropyl group, bromomethyl group, 1-bromoethyl group, 2-bromoethyl . 
group, 2-bromoisobutyl group, 1,2-dibromoethyl group, 1,3-dibromoisopropyl group, 2,3- 
dibromo-t-butyl group, 1,2,3-tribromopropyl group, iodomethyl group, 1-iodoethyl group, 2- 
iodoethyl group, 2-iodoisobutyl group, 1 ,2-diiodoethyl group, 1,3-diiodoisopropyl group, 2,3- 
diiodo-t-butyl group, 1,2,3-triiodopropyl group, aminomethyl group, 1-aminoethyl group, 2- 
aminoethyl group, 2-aminoisobutyl group, 1 ,2-diaminoethyl group, 1,3-diaminoisopropyl group, 

2.3- diamino-t-butyl group, 1,2,3-triaminopropyl group, cyanomethyl group, 1-cyanoethyl group, 
2-cyanoethyl group, 2-cyanoisobutyl group, 1 ,2-dicyanoethyl group, 1,3-dicyanoisopropyl group, 
2,3-dicyano-t-butyl group, 1,2,3-tricyanopropyl group, nitromethyl group, 1-nitroethyl group, 2- 
nitroethyl group, 2-nitroisobutyl group, 1,2-dinitroethyl group, 1,3-dinitroisopropyl group, 2,3- 
dinitro-t-butyl group, 1,2,3-trinitropropyl group, etc. 

Examples of the ring-forming divalent groups are the tetramethylene group, 
pentamethylene group, hexamethylene group, diphenylmethane-2,2'-di-yl group, 
diphenylethane-3,3'-di-yl group, diphenylpropane-4,4'-di-yl group, etc. 

The halogen atom may be fluorine, chlorine, bromine, or iodine. 

In general formula (1), a, b, and c independently represent whole numbers of 0-4, 
preferably 0-1. 

The n is a whole number of 1 -3. When n is 2 or more, the groups in [ ] may be the same 
or different. 
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Substituents on the groups represented by the above Ar, Ar', and X may be a halogen 
atom, hydroxy group, nitro group, cyano group, alkyl group, aryl group, cycloalkyl group 
alkoxy group, aromatic heterocyclic group, aralkyl group, aryloxy group, arylthio group, ' 
alkoxycarbonyl group, or carboxy group. 

Specific examples of the anthracene derivative represented by general formula (1) of the 
present invention are, but not limited to, those shown below. Me is a methyl group and Bu is a 
butyl group. 

In the anthracene derivatives represented by general formula (1), both Ar and Ar' 
representing a naphthyl group and a = b = c = 0 are most preferred. 
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The anthracene derivatives represented by the above general formula (2) of the present 
invention, included in general formula (1), are novel compounds. 

In general formula (2), Ar is an (un)substituted condensed aromatic group of 10-50 
nuclear carbon atoms. 

In general formula (2), Ar' is an (un)substituted aromatic group of 6-50 nuclear carbon 

atoms. 

In general formula (2), X is an (un)substituted aromatic group of 6-50 nuclear carbon 
atoms, (un)substituted aromatic heterocyclic group of 5-50 nuclear carbon atoms, (un)substituted 
alkyl group of 1-50 carbon atoms, (un)substituted alkoxy group of 1-50 carbon atoms, 
(un)substituted aralkyl group of 6-50 carbon atoms, (un)substituted aryloxy group of 5-50 
nuclear carbon atoms, (un)substituted arylthio group of 5-50 nuclear carbon atoms, 
(un)substituted alkoxycarbonyl group of 1-50 carbon atoms, carboxy group, halogen atom, cyano 
group, nitro group, or hydroxy group. 

The specific examples of groups represented by Ar, Ar', and X are similar to those given 
for general formula (1 ). 

Substituents on the groups represented by the above Ar, Ar', and X may be a halogen 
atom, hydroxy group, nitro group, cyano group, alkyl group, aryl group, cycloalkyl group, 
alkoxy group, aromatic heterocyclic group, aralkyl group, aryloxy group, arylthio group, 
alkoxycarbonyl group, or carboxy group. 

In general formula (2), a and b independently represent whole numbers of 0-4, preferably 

0-1. 

The n is a whole number of 1-3. When n is 2 or more, the groups in [ ] may be the same 
or different. 

Specific examples of the anthracene derivatives represented by general formula (2) of the 
present invention may be, but not limited to, (AN1)-(AN4), AN7)-(AN14), (AN17)-(AN24), 
(AN27)-(AN36), (AN39)-(AN43), and (AN46)-(AN48) given as specific examples of general 
formula (1). 

The anthracene derivatives represented by general formula (2) of the present invention 
are preferred for organic EL device materials. 

The anthracene derivatives of general formula (1) or (2), used in the organic EL devices 
of the present invention, can be synthesized by an appropriate combination of Suzuki coupling 
reaction, halogenation, and boration reaction of a commercially available arylboronic acid or 
arylboronic acid synthesized by a known method and using halogenated anthracene derivatives 
as starting materials. The synthesis scheme is shown below. 
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There have been many reports of the Suzuki coupling reaction (Chem. Rev., Vol. 95, No. 
7, 2457 (1995), etc.), and this reaction can be carried out under conditions described in such 
reports. 

Usually, the reaction is carried out under ambient pressure in an inert atmosphere of 
nitrogen, argon, helium, etc., and under pressure if needed. The reaction temperature is in the 
range of 15-300°C, preferably 30-200°C. 

The reaction solvents may be water, aromatic hydrocarbons such as benzene, toluene, 
xylene, etc.; ethers such as 1 ,2-dimethoxyethane, diethyl ether, methyl t-butyl ether, 
tetrahydrofiiran, dioxane, etc.; saturated hydrocarbons such as pentane, hexane, heptane, octane, 
cyclohexane, etc.; halogen compounds such as dichloromethane, chloroform, carbon 
tetrachloride, 1,2-dichloroethane, 1,1,1 -trichloroethane, etc.; nitriles such as acetonitrile, 
benzonitrile, etc.; esters such as ethyl acetate, methyl acetate, butyl acetate, etc.; amides such as 
N,N-dimethylformamide, N,N-dimethylacetamide, N-methylpyrrolidone, etc.; or mixtures 
thereof. Of these, preferred are toluene, 1,2-dimethoxyethane, dioxane, and water. The amount 
of solvent used is usually 3-50 times, preferably 4-20 times by weight of the arylboronic acid or 
its derivatives. 

The base used in the reaction may be, e.g., sodium carbonate, potassium carbonate, 
sodium hydroxide, potassium hydroxide, sodium bicarbonate, potassium bicarbonate, 
magnesium carbonate, lithium carbonate, potassium fluoride, cesium fluoride, cesium chloride, 
cesium bromide, cesium carbonate, potassium phosphate, methoxysodium, t-butoxypotassium*, 
t-butoxysodium*, t-butoxylithium*, etc., preferably sodium carbonate. The amount of such a 
base used is usually 0.7-10 molar equivalent, preferably 0.9-6 molar equivalent, with respect to 
the arylboronic acid or its derivatives. 

The catalysts used in the reaction may be, e.g., palladium catalysts such as 
tetrakis(triphenylphosphine)palladium, dichlorobis(triphenylphosphine)palladium, 
dichloro[bis(diphenylphosphino)ethane]palladium, 
dichloro[bis(diphenylphosphino)propane]palladium, 
dichloro[bis(diphenylphosphino)butane]palladium, 

dichloro[bis(diphenylphosphino)ferrocene]palladium, etc.; nickel catalysts such as 
tetrakis(triphenylphosphine)nickel, dichlorobis(triphenylphosphine)nickel, 
dichloro[bis(diphenylphosphino)ethane]nickel, dichloro[bis(diphenylphosphino)propane]nickel, 
dichloro[bis(diphenylphosphino)butane]nickel, dichloro[bis(diphenylphosphino)ferrocene]nickel, 
etc., while tetrakis(triphenylphosphine)palladium is preferred. The amount of the catalyst used is 



* [Butoxypotassium, etc., should possibly be "butylpotassium", etc.] 
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usually 0.001-1 molar equivalent, preferably 0.01-0.1 molar equivalent, with respect to the 
haloanthracene derivatives used. 

The halogen in the haloanthracene derivatives may be, e.g., an iodine atom, bromine 
atom, chlorine atom, etc., preferably an iodine atom or bromine atom. 

The halogenation agents used in the halogenation reaction may be, but not limited to, N- 
halosuccinimide. The amount of the halogenation agent used is usually 0.8-10 molar equivalent, 
preferably 1 -5 molar equivalent, with respect to the anthracene derivatives. 

The reaction is usually carried out in an inert solvent and in an inert atmosphere such as 
nitrogen, argon, helium, etc. The inert solvents that can be used are, e.g., N,N- 
dimethylformamide, N,N-dimethylacetamide, N-methylpyrrolidone, dimethyl sulfoxides, carbon 
tetrachloride, chlorobenzene, dichlorobenzene, nitrobenzene, toluene, xylene, methyl Cellosolve 
ethyl Cellosolve, water, etc., preferably N,N-dimethylformamide and N-methylpyrrolidone. The' 
amount of the solvents used is usually 3-50 times, preferably 5-20 times by weight of the 
anthracene derivatives. The reaction temperature is usually 0-200 °C, preferably 20-120°C. 

The boration reaction may be carried out in the usual manner (Nippon Kagakukar Jikken 
Kagaku Goza, 4 th ed., Vol. 24, pp. 61-90; J. Org. Chem., Vol. 60, 7508 (1995), etc.) For 
example, in the case of the reaction through the thiolation or Grignard reaction of haloanthracene 
derivatives, the reaction is usually carried out in an inert atmosphere such as nitrogen, argon, 
helium, etc., and in an inert solvent, e.g., saturated hydrocarbons such as pentane, hexane, 
heptane, octane, cyclohexane, etc.; ethers such as 1,2-dimethoxyethane, diethyl ether, methyl t- 
butyl ether, tetrahydrofuran, dioxane, etc.; aromatic hydrocarbons such as benzene, toluene, 
xylene, etc., or mixtures thereof, preferably diethyl ether and toluene. The amount of solvents 
used is usually 3-50 times, preferably 4-20 times the haloanthracene derivatives by weight. 

The lithiation agents may be, e.g., alkylmetal reagents such as n-butyllithium, t- 
butyllithium, phenyllithium, methyllithium, etc.; amide bases such as lithium diisopropylamide, 
lithium bistrimethylsilylamide, etc., preferably n-butyllithium. The Grignard reagents can be 
prepared by reacting haloanthracene derivatives with metallic magnesium. The trialkyl borates 
that can be used as boration agents are, e.g., trimethyl borate, triethyl borate, triisopropyl borate, 
tributyl borate, etc., preferably trimethyl borate and triisopropyl borate. 

Usually, the amounts of the lithiation agents and metallic magnesium used are, 
respectively, 1-10 molar equivalent, preferably 1-2 molar equivalent with respect to the 
haloanthracene derivatives. The amount of trialkyl borate used is usually 1-10 molar equivalent, 
preferably 1-5 molar equivalent, with respect to the haloanthracene derivatives. The reaction 
temperature is usually -100 to 50°C, preferably -75 to 10°C. 

In the organic EL devices of the present invention, preferably, the luminescence layer 
contains anthracene derivatives represented by general formula (1) or (2), as the main component. 
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Furthermore, in the organic EL devices of the present invention, preferably, the 
luminescence layer contains also an arylamine compound and/or styrylamine compound. 

The styrylamine compounds are preferably those represented by general formula (A) 
shown below: 



(In the formula, Ar 2 is a group chosen from a phenyl group, biphenyl group, terphenyl group, 
stilbene group, or distyrylaryl group; AX3 and A14 independently represent a hydrogen atom or 
C6-20 aromatic group; Ar 2 , AJ3, and Ar 4 may be substituted. The p is a whole number of 1-4. 
Further preferably, at least one of AJ3 and A14 is substituted by a styryl group.) 

Here, the C6-20 aromatic group may be phenyl group, naphthyl group, anthranil group, 
phenanthryl group, terphenyl group, etc. 

Arylamine compounds are preferably those represented by general formula (B) shown 

below: 



(In formula, Ar 5 -Ar 7 are (un)substituted aryl groups of 5-40 nuclear carbon atoms; q is a whole 
number of 1-4.) 

The aryl groups of 5-40 nuclear carbon atoms are, e.g., the phenyl group, naphthyl group, 
anthranil group, phenanthryl group, pyrenyl group, koroniru [transliteration] group, biphenyl 
group, terphenyl group, pyrrolyl group, furanyl group, thiophenyl group, benzothiophenyl group, 
oxadiazolyl group, diphenylanthranil group, indolyl group, carbazolyl group, pyridyl group, 
benzoquinolyl, fluoranthenyl group, acenaphthofluoranthenyl group, stilbene group, etc. 
Preferred substituents for such aryl groups are the Cue alkyl group (ethyl group, methyl group, i- 
propyl group, n-propyl group, s-butyl group, t-butyl group, pentyl group, hexyl group, 
cyclopentyl group, cyclohexyl group, etc.), C1-6 alkoxy group (ethoxy group, methoxy group, i- 
propoxy group, n-propoxy group, s-butoxy group, t-butoxy group, pentoxy group, hexyloxy 
group, cyclopentoxy group, cyclohexyloxy group, etc.), aryl group of 5-40 nuclear atoms, amino 
group substituted by an aryl group of 5-40 nuclear atoms, ester group having an aryl group of 5- 
40 nuclear atoms, ester group having a Ci_6 alkyl group, cyano group, nitro group, halogen atom, 
etc. 

Next, the constitution of the organic EL devices of the present invention is explained. 




P 




(B) 
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Main constitutions of the organic EL devices of the present invention are: 

(1) Positive electrode/luminescence layer/negative electrode 

(2) Positive electrode/positive hole injection layer/luminescence layer/negative electrode 

(3) Positive electrode/luminescence layer/electron injection layer/negative electrode 

(4) Positive electrode/positive hole injection layer/luminescence layer/electron injection 
layer/negative electrode 

(5) Positive electrode/organic semiconductor layer/luminescence layer/negative electrode 

(6) Positive electrode/organic semiconductor layer/electron barrier layer/luminescence 
layer/negative electrode 

(7) Positive electrode/organic semiconductor layer/luminescence layer/adhesion improving 
layer/negative electrode 

(8) Positive electrode/positive hole injection layer/positive hole transport layer/luminescence 
layer/electron injection layer/negative electrode 

(9) Positive electrode/insulation layer/luminescence layer/insulation layer/negative electrode 

(10) Positive electrode/inorganic semiconductor layer/insulation layer/luminescence 
layer/insulation layer/negative electrode 

(1 1) Positive electrode/organic semiconductor layer/insulation layer/luminescence 
layer/insulation layer/negative electrode 

(12) Positive electrode/insulation layer/positive hole injection layer/positive hole transport 
layer/luminescence layer/insulation layer/negative electrode 

(13) Positive electrode/insulation layer/positive hole injection layer/positive hole transport 
layer/luminescence layer/electron injection layer/negative electrode, etc. 

Of these, the constitution (8) is preferably used, but one is not limited to it. 

Such organic EL devices are usually prepared on a transparent substrate. Such a 
transparent substrate is a base supporting the organic EL device and should have a light 
transmittance above 50% for visible light in 400-700 nm range; a smooth substrate is further 
preferred. 

Such transparent substrates are preferably glass plates and synthetic resin plates. Glass 
plates may be especially soda ash glass, glass containing barium and strontium, lead glass, 
aluminosilicate glass, borosilicate glass, barium borosilicate glass, quartz, etc. Synthetic resin 
plates may be plates made from polycarbonate resins, acrylic resins, polyethylene terephthalate 
resin, polyether sulfide resins, polysulfone resins, etc. 

The positive electrode should be made from high-work-function (above 4 eV) metals, 
alloys, electrically conductive compounds, or mixtures thereof. Specific examples of such 
electrode materials are metals such as Au, etc., and electrically conductive material such as Cul, 
ITO (indium tin oxide), Sn0 2 , ZnO, In-Zn-O, etc. Such a positive electrode can be formed by ' 
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the thin film process by vapor deposition, sputtering, etc., of the electrode materials. When the 
light emitted from the luminescence layer is taken from the positive electrode, the positive 
electrode should have a light transmittance above 10%. The positive electrode sheet resistance 
should be below several hundreds of Q/Q Furthermore, depending on the type of materials, 
usually, the positive electrode has a thickness of 10 nm~l ^im, preferably 10-200 nm. 

Next, the negative electrode should be made from low-work-function (below 4 eV) 
metals, alloys, electrically conductive compounds, and mixtures thereof. Specific examples of 
such electrode materials include sodium, sodium-potassium alloy, magnesium, lithium, 
magnesium-silver alloy, aluminum/aluminum oxide, AI/U2O, Al/Li20, Al/LiF, aluminum- 
lithium alloy, indium, rare earth metals, etc. 

Such a negative electrode can be formed by the thin film process by vapor deposition, 
sputtering, etc., of the electrode materials. 

When the light emitted from the luminescence layer is taken from the negative electrode, 
the negative electrode should have a light transmittance above 10%. The negative electrode 
sheet resistance should be below several hundreds of Q/Q Furthermore, usually, the negative 
electrode has a thickness of 10 nm~l ^im, preferably 10-200 nm. 

In the organic EL devices of the present invention, preferably a chalcogenide layer, metal 
halide layer, or metal oxide layer (hereafter, called surface layer in some cases) is formed on the 
surface of at least one of the pair of electrodes prepared. More specifically, a chalcogenide 
(including oxide) layer of a metal such as silicon, aluminum, etc., is formed on the positive 
electrode surface at the luminescence layer side, and a metal halide layer or metal oxide layer 
being formed on the negative electrode surface at the luminescence layer side. By doing this, the 
operation can be stabilized. 

The chalcogenides are preferably SiO x (1 < x , 2), A10 x (1 < x < 1.5), SiON, SiAlON, etc. 
Metal halides may be LiF, MgF2, CaF2, rare earth metal fluorides, etc. Metal oxides may be 
Cs 2 0, Li 2 0, MgO, SrO, BaO, CaO, etc. 

In the organic EL devices of the present invention, it is also preferred that a mixed area of 
an electron conducting compound and reductive dopant or a mixed area of a positive hole 
conducting compound and oxidative dopant is installed on the surface of at least one of the pair 
of electrodes prepared above. By doing this, the electron conducting compound is reduced to an 
anion, making the mixed area easier to inject and to conduct electrons to the luminescence layer. 
The positive hole conducting compound is oxidized to a cation, making the mixed area easier to 
inject and to conduct the positive holes to the luminescence layer. Preferred oxidative dopants 
are various Lewis acids and acceptor compounds. Preferred reductive dopants are alkali metals, 
alkali metal compounds, alkaline earth metals, rare earth metals, and compounds thereof. 

In the organic EL devices of the present invention, the luminescence layer has: 
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(1) an injection function: capable of injecting positive holes from the positive electrode or 
positive hole injection layer in the presence of an electric field; 

(2) a transport function: capable of moving the injected charge (electron and positive hole) by the 
force of the electric field; 

(3) a luminescence function: providing a field of recombination of the electron and positive hole, 
leading to light emission. 

Such a luminescence layer can be formed by known methods such as vapor deposition, 
spin coating, LB process, etc. Molecular deposition films are especially preferred for the 
luminescence layer. Such molecular deposition films may be thin films deposited from gas- 
phase compounds or films formed by solidification of compounds in the solution or liquid state. 
Usually, such molecular deposition films are different from thin films formed by the LB process 
(molecular accumulation films) in an aggregate structure or high-order structure, and with 
respect to functions caused by such differences. 

As disclosed in Japanese Kokai Patent No. SHO 57[1982]-51781, the luminescence layer 
can also be formed by forming thin films by the spin coating, etc., of a solution containing 
binders such as resins, etc., and the [luminescent] material compounds. 

In the present invention, within the scope of the present invention, if desired, the 
luminescence layer may also contain known luminescence materials other than those of the 
present invention. Furthermore, the luminescence layer containing the luminescent material of 
the present invention may be laminated with a luminescent layer containing other known 
luminescent material. 

The positive hole injection-transport layer aids positive hole injection into the 
luminescence layer and transports it to the luminescence region; the positive hole mobility is 
high and the ionization energy is small, below 5.5 eV. For such a positive hole injection- 
transport layer, materials capable of transporting the positive hole to the luminescent layer at a 
low electric field strength are needed. For example, preferred material should have at least 10" 6 
cm 2 /V-sec of positive hole mobility at an electric field of 10 4 ~10 6 V/cm. Such materials can be 
selected from those commonly used as positive charge transport materials in light conducting 
materials and those used in positive hole injection layers of organic EL devices. 

Such a positive hole injection-transport layer may be formed by the thin film process by 
the usual methods such as vacuum vapor deposition, spin coating, casting, LB process, etc. of the 
positive hole injection-transport materials. The film thickness of the positive hole injection- 
transport layer is usually, but not limited to, 5 nm-5 urn. 

The electron injection-transport layer aids the injection of electrons into the luminescence 
layer and transports it to the luminescence region, with electron mobility being high. The 
adhesion improving layer is made of a material having an especially good adhesion to the 
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negative electrode in the electron injection layer. Materials used in the electron injection layer 
are preferably metal complexes of 8-hydroxyquinoline or its derivatives. Specific examples of 
the metal complexes of 8-hydroxyquinoline or its derivatives include metal chelate oxinoid 
compounds containing a chelate of oxine (in general, 8-quinolinol or 8-hydroxyquinoline). For 
example, tris(8-quinolinol)aluminum can be used for the electron injection material. 

Furthermore, in general, with the application of an electric field to ultra-thin films, pixel 
defects are easily formed by leaking and short [circuit]. To prevent this, a thin insulation film 
layer can be inserted between the electrodes. 

The materials used for the insulation layer are, e.g., aluminum oxide, lithium fluoride, 
lithium oxide, cesium fluoride, cesium oxide, magnesium oxide, magnesium fluoride, calcium 
oxide, calcium fluoride, aluminum nitride, titanium oxide, silicon oxide, germanium oxide, 
silicon nitride, boron nitride, molybdenum oxide, ruthenium oxide, vanadium oxide, etc., 
mixtures, and laminates thereof. 

The organic EL devices of the present invention may be prepared using such materials by 
methods described above by forming a positive electrode, luminescence layer, positive hole 
injection layer if needed, electron injection layer if needed, and finally a negative electrode. 
Organic EL devices can also be prepared in reverse order from the negative electrode to the - 
positive electrode. 

Next, an example of making an organic EL device with the installation of a positive 
electrode/positive hole injection layer/luminescence layer/electron injection layer/negative 
electrode, in that order, on a transparent substrate is explained. 

First, vapor deposition or the sputtering process is used for forming a thin film from 
positive electrode material to a thickness below 1 pm, preferably 10-200 nm, on an appropriate 
transparent substrate. Next, a positive hole injection layer is installed on the positive electrode. 
The positive injection layer can be formed by vacuum vapor deposition, spin coating, casting, 
LB process, etc., as described above, while the vacuum vapor deposition process is preferred for 
the ease of obtaining uniform films and no pinholes. In forming a positive hole injection layer 
by the vacuum vapor deposition process, the vapor deposition conditions may vary according to 
the compounds used (positive hole injection layer material), crystal structure, and recombination 
structure of the desired positive hole injection layer, etc. In general, the vapor deposition source 
temperature is 50-450°C, vacuum is 10~ 7 ~10~ 3 torr, vapor deposition rate is 0.01-50 nm/sec, 
substrate temperature is -50 to 300°C, and film thickness is 5 nm-5 ^im. 

Next, the luminescence layer is installed on the positive hole injection layer. Also, this 
luminescence layer can be formed using the luminescent materials of the present invention by 
vacuum vapor deposition, sputtering, spin coating, casting, etc., for forming the luminescent 
material into a thin film, while the vacuum vapor deposition process is preferred for the ease of 
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uniform film formation and no pinhole formation. The vapor deposition conditions for forming a 
luminescent layer by vacuum vapor deposition may vary according to the compounds used 
while they can be selected from conditions similar to those of the positive hole injection layer 
formation. The film thickness should be in the 1 0-40 nm range. 

Next, an electron injection layer is installed on the luminescent layer. Also, in this case 
similarly as in the positive hole injection layer and luminescent layer, the vacuum vapor 
deposition process is preferred for obtaining uniform films. Vapor deposition conditions can be 
selected from those used for the positive hole injection layer and luminescent layer. 

Finally, lamination of the negative electrode produces an organic EL device. The metal 
negative electrode can be formed by vapor deposition or sputtering. However, the vacuum 
vapor deposition process is preferred for protection of the underlying organic layer from damage 
during film formation. 

It is preferred that such organic EL devices are prepared at once from the positive 
electrode to negative electrode with one vacuum operation. 

With dc-voltage application to this organic EL device, positive electrode +, and negative 
electrode -, light emission is observed at a voltage of 3-40 V. When voltage is applied at reverse 
polarity, current does not flow, with no light emission at all. Furthermore, when an ac voltage is 
applied, only with polarity of positive electrode + and negative electrode -, uniform light 
emission is observed. In this case, the ac applied may be in any wave form. 

Next, the present invention is explained in further detail with examples. However, the 
present invention is not limited to such examples. 

Synthesis Example 1 

Synthesis of 10-(2-naphthyl)anthracene-9-boronic acid 

In a 20-L flask under an Ar atmosphere, a solution of 549 g of 2-naphthaleneboronic acid 
(product of Tokyo Kasei Co.), 684 g of 9-bromoanthracene (product of Tokyo Kasei Co.) 61 5 g 
of tetrakis(triphenyl P hosphine)palladium(0) (product of Tokyo Kasei Co.), 4.9 L of toluene 
(product of Hiroshima Wako Co.), and 845.9 g of sodium carbonate (product of Hiroshima 
Wako Co.) in 4.9 L of water was heated under stirring under reflux for 24 h, allowed to cool to 
room temperature, and the crystals precipitated were filtered out and recrystallized from toluene 
to obtain 751 g of crystals. 

In a 20-L flask under an Ar atmosphere, a mixture of 588 g of the above crystals, 4 5 L of 
dehydrated ether (product of Hiroshima Wako Co.), and 4.5 L of dehydrated toluene (product of 
Hiroshima Wako Co.) was cooled to -64°C using dry ice, treated over a period of 30 min with 
1.2 L of 1.6M butyllitWum/hexane solution (product of Hiroshima Wako Co.), allowed to react 
at -64°C for 2 h, treated over a period of 20 min with 866 g of triisopropyl boronate (product of 
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Tokyo Kasei Co.), allowed to return to room temperature, stirred for 12 h, cooled with ice, 
treated with 4 L of 2N hydrochloric acid at a temperature below 10°C, and treated with 1 L of 
toluene, followed by liquid separation, drying over sodium sulfate, concentration in vacuo, 
addition of hexane, and filtering out the crystals precipitated. The product was dissolved in 5 L 
of THF (tetrahydrofiiran), treated with 500 mL of concentrated hydrochloric acid and 5 g of 
tetrabutylammonium bromide, stirred for 12 h, and filtered. The filtered crystals were dried to 
obtain 43 1 g of crystals. 

The FD-MS (field desorption mass analysis) of this compound gave m/z = 348 to 
C24H17BO2 = 348, confirming this compound as 10-(2-naphthyl)anthracene-9-boronic acid 
(yield: 47%). 

Synthesis Example 2 

Synthesis of 2-(4-bromophenyl)naphthalene 

In a 300 mL-flask under an Ar atmosphere, a solution of 7.1 g of 2-naphthaleneboronic 
acid (product of Tokyo Kasei Co.), 12.9 g of 4-iodobromobenzene (product of Tokyo Kasei Co.), 
0.6 g of tetrakis(triphenylphosphine)palladium(0) (product of Tokyo Kasei Co.), and 12.7 g of 
sodium carbonate (product of Hiroshima Wako Co.) in 60 mL of water was heated under reflux 
under stirring for 24 h, allowed to cool to room temperature, and filtered. The crystals filtered 
were recrystallized from toluene to obtain 9.0 g of crystals. 

The FD-MS of this compound gave m/z = 284, 282 to CieHi iBr = 283, confirming the 
product as 2-(4-bromophenyl)naphthalene (yield: 77%). 

Synthesis Example 3 

Synthesis of 3-(4-bromophenyl)fluoranthene 

In a 500-mL flask under an Ar atmosphere, a mixture of 62 g of fluoranthene and 250 mL 
of DMF (product of Hiroshima Wako Co.) was heated to 80°C for dissolution, treated with 60 g 
of N-bromosuccinimide (product of Hiroshima Wako Co.) at 50°C, stirred for 2 h, treated with 
500 mL of purified water, and the crystals precipitated were filtered out and purified by column 
chromatography to obtain 10.5 g of crystals. 

In a 500-mL flask under an Ar atmosphere, a mixture of 10.0 g of the above crystals, 120 
mL of dehydrated ether (product of Hiroshima Wako Co.) and 120 mL of dehydrated toluene 
(product of Hiroshima Wako Co.) was cooled to -64°C using dry ice, treated over a period of 30 
min with 25 mL of 1.6 M butyllithium/hexane solution (product of Hiroshima Wako Co.), 
allowed to react at -64°C for 2 h, treated with 8 g of tiisopropyl brononate (product of Tokyo 
Kasei Co.) over a period of 20 min, allowed to return to room temperature, stirred for 12 h, 
cooled with ice, treated with 100 mL of 2N hydrochloric acid at a temperature below 10°C, and 
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treated with 25 mL of toluene, followed by phase separation, drying over sodium sulfate, 
concentration in vacuo, addition of hexane, and filtering the crystals precipitated. The filtered 
crystals were dissolved in 120 mL of THF, treated with 15 mL of concentrated hydrochloric acid 
and 0.15 g of tetrabutylammonium bromide, stirred for 12 h, and the crystals precipitated were 
filtered out and dried to obtain 7.0 g of 3-fluorantheneboronic acid crystals. 

In a 300-mL flask under an Ar atmosphere, a solution of 7.0 g of the above crystals 
(product of Tokyo Kasei Co.), 9.0 g of 4-iodobromobenzene (product of Tokyo Kasei Co.), 0.6 g 
of tetrakis(triphenylphosphine)palladium(0) (product of Tokyo Kasei Co.), and 12.7 g of sodium 
carbonate (product of Hiroshima Wako Co.) in 60 mL of water was heated under reflux under 
stirring for 24 h, allowed to cool to room temperature, and the crystals precipitated were filtered 
out and recrystallized from toluene to obtain 6.4 g of crystals. 

The FD-MS of this compound gave m/z = 358 to C^HuBr = 357, confirming this 
compound as 3-(4-bromophenyl)fluoranthene (yield: 6%). 

Synthesis Example 4 

Synthesis of 10-(3-fluoranthenyl)anthracene-9-boronic acid 

In a 300-mL flask under an Ar atmosphere, a solution of 7.85 g of 3-fluorantheneboronic 
acid, 6.84 g of 9-bromoanthracene (product of Tokyo Kasei Co.), 0.6 g of 
tetrakis(triphenylphosphine)palladium(0) (product of Tokyo Kasei Co.), 50 mL of toluene, and 
8.5 g of sodium carbonate (product of Hiroshima Wako Co.) in 50 mL of water was heated under 
reflux under stirring for 24 h, allowed to cool to room temperature, and the crystals precipitated 
were filtered out and recrystallized from toluene to obtain 4.6 g of crystals. 

In a 300-mL flask under an Ar atmosphere, a mixture of 4.5 g of the above crystals and 
100 mL of dehydrated DMF (product of Hiroshima Wako Co.) was heated to 80°C for 
dissolution, treated with 2.3 g of N-bromosuccinimide (product of Hiroshima Wako Co.) at 50°C, 
stirred for 2 h, treated with 200 mL of purified water, and the crystals precipitated were filtered 
out and recrystallized from toluene to obtain 4.5 g of crystals. 

In a 300-mL flask under Ar atmosphere, a mixture of 4.5 g of the above crystals, 50 mL 
of dehydrated ether (product of Hiroshima Wako Co.) and 50 mL of dehydrated toluene (product 
of Hiroshima Wako Co.) was cooled to -64°C with dry ice, treated dropwise with 7 mL of 1 .6M 
butyllithium/hexane solution (product of Hiroshima Wako Co.) over a period of 30 min, allowed 
to react at -64°C for 2 h, treated dropwise with 5.6 g of triisopropyl boronate (product of Tokyo 
Kasei Co.) over a period of 20 min, allowed to return to room temperature, stirred for 12 h, 
cooled with ice, treated with 40 mL of 2N hydrochloric acid at a temperature below 10°C, and 
treated with 10 mL of toluene. After phase separation, the toluene solution was dried over 
sodium sulfate, concentrated in vacuo, treated with hexane, and the crystals precipitated were 
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filtered out, dissolved in 50 mL of THF, treated with 5 mL of concentrated hydrochloric acid and 
0.1 g of tetrabutylammonium bromide, stirred for 12 h, and the crystals precipitated were filtered 
out and dried to obtain 3.6 g of crystals. 

The FD-MS of this compound gave m/z = 422 to C30H19BO2 = 422, confirming this 
compound as 10-(3-fluoranthenyl)anthracene-9-boronic acid (yield: 32%). 

Synthesis Example 5 

Synthesis of l-(4-bromophenyl)naphthalene 

Synthesis Example 2 was repeated using 1-naphthaleneboronic acid in place of 2- 
naphthaleneboronic acid to obtain 29.9 g of colorless oil. 

The FD-MS of this compound gave m/z = 284, 282 to Ci 6 H n Br = 283, confirming this 
compound as l-(4-bromophenyl)naphthalene (yield: 88%). 

Synthesis Example 6 

Synthesis of 2-(3 -bromophenyl)naphthalene 

Synthesis Example 2 was repeated using 3-iodobromobenzene in place of 4- 
iodobromobenzene to obtain 20.1 g of colorless oil. 

The FD-MS of this compound gave m/z = 284, 282 to Ci 6 HnBr = 283, confirming this 
compound as l-(3-bromophenyl)naphthalene (yield: 75%). 

Application Example 1 
Synthesis of compound (AN8) 

In a 300-mL flask under an Ar atmosphere, a solution of 5.98 g of the 10-(2- 
naphthyl)anthracene-9-boronic acid obtained in Synthesis Example 1, 4.05 g of 2-(4- 
bromophenyl)naphthalene obtained in Synthesis Example 2, 0.33 g of 
tetrakis(triphenylphosphine)palladium(0) (product of Tokyo Kasei Co.), 60 mL of 1,2- 
dimethoxyethane (product of Hiroshima Wako Co.), and 4.55 g of sodium carbonate (product of 
Hiroshima Wako Co.) in 21 mL of water was heated under reflux under stirring for 24 h, allowed 
to cool to room temperature, and the crystals precipitated were filtered out and purified by 
column chromatography to obtain 3.4 g of light yellow solid. 

The FD-MS of this compound gave m/z = 506 to C40H26 = 506, confirming this 
compound as AN8 (yield: 47%). 

Application Example 2 
Synthesis of compound (AN 10) 
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In a 300-mL flask under an Ar atmosphere, a solution of 5.98 g of the 10-(2- 
naphthyl)anthracene-9-boronic acid obtained in Synthesis Example 1, 5.13 g of 3-(4- 
bromophenyl)fluoranthene obtained in Synthesis Example 3, 0.33 g of 
tetralds(triphenylphosphine)palladium(0) (product of Tokyo Kasei Co.), 60 mL of 1,2- 
dimethoxyethane, and 4.55 g of sodium carbonate (product of Hiroshima Wako Co.) in 21 mL of 
water was heated under reflux under stirring for 24 h, allowed to cool to room temperature, and 
the crystals precipitated were filtered out and purified by column chromatography to obtain 3.3 g 
of light yellow solid. 

The FD-MS of this compound gave m/z = 580 to C 46 H 28 = 580, confirming this 
compound as AN 1 0 (yield: 40%). 

Application Example 3 
Synthesis of compound (AN28) 

In a 300-mL flask under an Ar atmosphere, a solution of 7.24 g of the 10-(3- 
fluoranthenyl)anthracene-9-boronic acid obtained in Synthesis Example 4, 4.05 g of the 2-(4- 
bromophenyl)naphthalene obtained in Synthesis Example 2, 0.33 g of 
tetrakis(triphenyl P hosphine)palladium(0) (product of Tokyo Kasei Co.), 60 mL of 1 ,2- 
dimethoxyethane (product of Hiroshima Wako Co.), and 4.55 g of sodium carbonate (Hiroshima 
Wako Co.) in 21 mL of water was heated under reflux under stirring for 24 h, allowed to cool to 
room temperature, and the crystals precipitated were filtered out and purified by column 
chromatography to obtain 3.6 g of light yellow solid. 

The FD-MS of this compound gave m/z = 580 to C^g = 580, confirming this 
compound as AN28 (yield: 43%). 

Application Example 4 
Synthesis of compound (AN30) 

In a 300-mL flask under an Ar atmosphere, a solution of 7.24 g of the 10-(3- 
fluoranthenyl)anthracene-9-boronic acid obtained in Synthesis Example 4, 5.13 g of the 3-(4- 
bromophenyl)fluoranthene obtained in Synthesis Example 3, 0.33 g of 
tetrakis(triphenylphosphine)palladium(0) (product of Tokyo Kasei Co.), 60 mL of 1,2- 
dimethoxyethane (product of Hirshima Wako Co.), and 4.55 g of sodium carbonate (Hiroshima 
Wako Co.) in 21 mL of water was heated under reflux under stirring for 24 h, allowed to cool to 
room temperature, and the crystals precipitated were filtered out and purified by column 
chromatography to obtain 3 . 1 g of a light yellow solid. 

The FD-MS of this compound gave m/z = 654 to C 52 H 3 o = 654, confirming this 
compound as AN30 (yield: 33%). 
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Application Example 5 
Manufacture of organic EL device 

An ITO transparent electrode-fitted glass substrate (product of Diomatic Co.) of 25 mm x 
75 mm x 1 .1 mm (thickness) was cleaned by ultrasonic waves in isopropyl alcohol for 5 min, 
then by UV-ozone for 30 min. The cleaned transparent electrode line-fitted glass substrate was 
loaded in the substrate holder of a vacuum vapor deposition device. A 60-nm-thick N,N'- 
bisCN^N'-diphenyl^-aminopheny^-NjN-diphenyl^^'-diamino-lJ'-biphenyl film (hereafter 
referred to as TPD232 film) was formed on the transparent electrode side, covering the 
transparent electrode. This TPD232 film is the positive hole injection layer. A 20-nm-thick 
N,N,N' 5 N'-tetra(4-biphenyl)-diaminobiphenylene film (hereafter referred to TBDB) was then 
formed on the TPD232 film. This film is the positive hole transport layer. A 40-nm-thick (AN8) 
film was formed as luminescent material on the TBDB film by vapor deposition. At the same 
time, the styryl-group-containing amine compound (Dl) was vapor-deposited as luminescent 
material at AN8:D1 = 40:2 by weight. This film functions as the luminescent layer. A 10-nm- 
thick Alq film was then formed on the above film. This functions as an electron injection layer. 
Binary vapor deposition of the reductive dopant Li (Li source: product of Saes Target Co.) and 
Alq produced an Alq:Li film (film thickness: 10 nm) as an electron injection layer (negative 
electrode). Metallic Al was vapor deposited on the Alq: Li film to form a metallic negative 
electrode to obtain an organic EL device. 

The organic EL device obtained was measured for luminescence efficiency and half-life 
under normal use at an initial brightness of lOOOnit. Results are given in Table 1 . 
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Application Examples 6-8 
Manufacture of organic EL devices 

Application Example 5 was repeated using the luminescent materials given in Table 1 in 
place of AN8 to obtain organic EL devices, which were measured for luminescence efficiency 
and half-life under normal use at an initial brightness of lOOOnit. Results are given in Table 1. 

Application Example 9 
Manufacture of organic EL device 

Application Example 5 was repeated using the aromatic amine (D2) in place of the styryl- 
group-containing amine compound (Dl) to obtain an organic EL device, which was then 
measured for luminescence efficiency and half-life under normal use at an initial brightness of 
1 OOOnit. Results are given in Table 1 . 
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Application Example 10 
Synthesis of compound (AN5) 

Application Example 1 was repeated using 3,5-diphenylbromobenzene in place of 2-(4- 
bromophenyl)naphthalene to obtain 5.6 g of light yellow solid. 

The FD-MS of this compound gave m/z = 532 to C 4 2H 2 8Br = 532, confirming this 
compound as AN5 (yield: 45%). 

Application Example 1 1 
Synthesis of compound (AN7) 

Application Example 1 was repeated using l-(4-bromophehyl)naphthalene in place of 2- 
(4-bromophenyl)naphthalene to obtain 7.8 g of a light yellow solid. 

The FD-MS of this compound gave m/z = 506 to C^f^Br = 506, confirming this 
compound as AN7 (yield: 54%). 

Application Example 12 
Synthesis of compound (AN49) 

Application Example 1 was repeated using 2-(3-bromophenyl)naphthalene in place of 2- 
(4-bromophenyl)naphthalene to obtain 6.9 g of light yellow solid. 

The FD-MS of this compound gave m/z = 506 to C^H^Br = 506, confirming this 
compound as AN7 (yield: 52%). 

Application Examples 13-15 
Manufacture of organic EL devices 

Application Example 5 was repeated using luminescent compounds described in Table 1 
in place of AN8 to obtain organic EL devices, which were then measured for luminescence 
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efficiency and half-life under normal use at an initial brightness of lOOOnit. Results are given in 
Table 1. 



Comparative Example 1 
Manufacture of organic EL device 

Application Example 5 was repeated using anl as the luminescent material in place of 
AN8 to obtain an organic EL device, which was then measured for luminescence efficiency and 
half-life under normal use at an initial brightness of lOOOnit. Results are given in Table 1. 




anl 



Comparative Example 2 
Manufacture of organic EL device 

Application Example 5 was repeated using an2 as the luminescent material in place of 
AN8 to obtain an organic EL device, which was then measured for luminescence efficiency and 
half-life under normal use at an initial brightness of 1 OOOnit. Results are given in Table 1 . 




a n 2 
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ble 1 




Fluorescent 
layer compound 


Luminescence 
efficiency 


Half-life 


Luminescence 
color 


(cd/A) 


(hours) 


AA5 


AN8/D1 


11.2 


4200 


Blue 


AA6 


AN10/D1 


11.0 


4000 


Blue 


AA7 


AN28/DI 


10.9 


3700 


Blue 


AA8 


AN30/D1 


10.8 


3700 


Blue 


AA9 


AN8/D2 


10.6 


3200 


Blue 


AA13 


AN5/D1 


11.0 


2200 


Blue 


AA14 


AN7/D1 


11.3 


4500 


Blue 


AA15 


AN49/D1 


11.3 


4500 


Blue 


CC1 


an/Dl 


9.0 


2200 


Blue 


CC2 


an2/Dl 


8.8 


1100 


Blue 



AA: Application Example 
CC: Comparative Example 



As shown in Table 1, the organic EL devices of Application Examples 5-9 and 13-15 
have a high luminescence efficiency and very long service life, while the organic EL devices of 
Comparative Example 1 and 2 have a low luminescence efficiency and short service life. 

Industrial application possibilities 

As explained in detail above, the organic EL devices of the present invention and the 
organic EL devices using the anthracene compounds of the present invention have a high 
luminescence efficiency and long service life, thus they are useful for organic EL devices 
expected for long-term continuous use. 
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Claims 

1. Organic electroluminescence device having at least one luminescence-layer-containing 
organic thm film layer sandwiched between the anode and cathode, wherein at least one layer of 
the orgamc thin film layer contains the anthracene derivative represented by general formula (1) 
shown below, alone or as a component in a mixture: 




*fx) c 



(1) 



(in the formula, Ar is an (un)substituted condensed aromatic group of 10-50 nuclear carbon 
atoms; Ar' is an (un)substituted aromatic group of 6-50 nuclear carbon atoms; X is an 
(un)substituted aromatic group of 6-50 nuclear carbon atoms, ^substituted aromatic 
heterocyclic group of 5-50 nuclear carbon atoms, (un)substituted alkyl group of 1-50 carbon 
atoms, (un)substituted alkoxy group of 1-50 carbon atoms, (un)substituted aralkyl group of 6-50 
carbon atoms, (un)substituted aryloxy group of 5-50 nuclear carbon atoms, (un)substituted 
arylthio group of 5-50 nuclear carbon atoms, (un)substituted alkoxycarbonyl group of 1-50 
carbon atoms, carboxy group, halogen atom, cyano group, nitro group, or hydroxy group- a b 

andcarewholenumbersof0-4;andnisawho.enumberofl-3;whe„nis2ormorethe ' ' 
tormula inside the parenthesis shown below may be the same or different: 




2 The organic electroluminescence device described in Claim 1, wherein Ar in general 
tormula (1) is selected from the general formulas given below: 
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Ari 

(Art is an (un)substituted aromatic group of 6-50 nuclear carbon atoms.) 

3. The organic electroluminescence device described in Claim 1, wherein the 
luminescence layer contains the anthracene derivative represented by general formula (1) as the 
main component. 

4. The organic electroluminescence device described in Claim 1, wherein the 
luminescence layer further contains an arylamine compound. 

5. The organic electroluminescence device described in Claim 1, wherein the 
luminescence layer further contains a styrylamine compound. 

6. Anthracene derivative represented by general formula (2) shown below: 




(in the formula, Ar is an (un)substituted condensed aromatic group of 10-50 nuclear carbon 
atoms; Ar' is an (un)substituted aromatic group of 6-50 nuclear carbon atoms; X is an 
(un)substituted aromatic group of 6-50 nuclear carbon atoms, (un)substituted aromatic 
heterocyclic group of 5-50 nuclear carbon atoms, (un)substituted alkyl group of 1-50 carbon 
atoms, (un)substituted alkoxy group of 1-50 carbon atoms, (un)substituted aralkyl group of 6-50 
carbon atoms, (un)substituted aryloxy group of 5-50 nuclear carbon atoms, (un)substituted 
arylthio group of 5-50 nuclear carbon atoms, (un)substituted alkoxycarbonyl group of 1-50 
carbon atoms, carboxy group, halogen atom, cyano group, nitro group, or hydroxy group; a, b, 
and c are whole numbers of 0-4; and n is a whole number of 1 -3; when n is 2 or more, the 
formula inside the parenthesis shown below may be the same or different: 
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7. The anthracene derivative described in Claim 6, being material for an organic 
electroluminescence device. 

8. Organic electroluminescence device having at least one luminescence-layer-containing 
organic thin film layer sandwiched between an anode and cathode, wherein at least one layer of 
the organic thin film layer contains the anthracene derivative represented by general formula (2) 
described in Claim 6, alone or as a component in a mixture. 

9. The organic electroluminescence device described in Claim 8, wherein Ar in general 
formula (2) is selected from the general formulas given below: 







(Ar, is an (un)substituted aromatic group of 6-50 nuclear carbon atoms.) 

10. The organic electroluminescence device described in Claim 8, wherein the 
luminescence layer contains the anthracene derivative represented by general formula (2) as the 
mam component. 

1 1. The organic electroluminescence device described in Claim 8, wherein the 
luminescence layer further contains an arylamine compound. 

12. The organic electroluminescence device described in Claim 8, wherein the 
luminescence layer further contains a styrylamine compound. 
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